STOKES MICROVAC 
PUMPS....are te 


High volumetric and mechanical 
efficiency make these famous pumps economical 
and reliable units in any vacuum system. 


Capacities of Stokes Microvac Pumps run from 15 to 
500 cfm... pressures to 10 microns absolute. Power 
consumption is low and the top- 
mounted motor contributes to compact 
design requiring minimum floor space. 


Lubrication of the four moving parts (including the 
exhaust valve of corrosion-resistant Teflon) is fully automatic. There 
are no stuffing-boxes or grease fittings, and no packing. 


Parts are precision-finished, standard and interchangeable. Freedom 
from wear assures years of trouble-proof service. 


Stokes is the only manufacturer of equipment for complete 
vacuum systems, including Microvac mechanical pumps, oil diffusion 
pumps, McLeod Gages and Vacuum Valves. 


Consult with Stokes on the application of vacuum to vacuum sintering, 
melting, de-gassing, heat 

treating, inert gas purg- 

ing, vacuum metallizing, 

and to other applications STOKES MAKES 


in which vacuum de- 
Plastics Molding Presses, 
serves exploration, 


STOKE 


F. J. STOKES MACHINE COMPANY, 5916 TABOR ROAD, PHILADELPHIA 20. PA 
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Pharmaceutical Equipment, 
Vacuum Processing Equipment, 
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Rem-Cru Titanium, Ine. has cen- 
tered sales and research activities on 
titanium at Midland, Pa. Production 
facilities are being installed in the 
Midland Works of Crucible Steel, and 
a new melting furnace for titanium 
was recently placed in operation. The 
company is jointly owned by Reming- 
ton Arms, Inc., and Crucible Steel Co. 
of America. 


Baldwin-Lima-Hamilton Corp., Ed- 
dystone, Pa., and Fairbanks, Morse & 
Co., Chicago, Ill. were awarded con- 
tracts for 16 diesel-electric locomo- 
tives for use at U.S. Steel’s Fairless 
Works. Diesel locomotives will be used 
in keeping with the policy of smoke 
abatement wherever possible at the 
new mill. 


Aluminum Co. of America will build 
an aluminum smelting plant at Wenat- 
chee, Wash., with a 170 million Ib 
annual capacity. Standby production 
facilities at Massena, N. Y., and Badin, 
N. C., uneconomical for normal opera- 
tion because of high power cost, have 
been reactivated to provide 158 mil- 
lion lb of aluminum annually for the 
Government stockpile. 


Mesta Machine Co., Pittsburgh, will 
build an 80-in. continuous hot strip 
mill for Fairless Works, U.S. Steel. 
The mill, which will roll slabs from 
4 to 8 in. thick and 8 to 20 ft long into 
steel coils 640 to 3200 ft long in one 
continuous operation, will be about 
1/3 mile long. Sheets up to 72 in. wide 
and 0.1 in. thick will be the hot mill 
end product. 


Rust Furnace Co., Pittsburgh, will 
design and supply four continuous slab 
heating furnaces for Fairless Works. 
The furnaces, of the zone-controlled, 
triple-fired, recuperative type, will 
have full automatic temperature and 
furnace pressure controls, and will de- 
liver 135 tons of slabs per hr at 2250°F. 
Each furnace will have an _ inside 
width of 22 ft and a length of 90 ft. 


Electronic Core Subcommittee of 
the Metal Powder Assn. has prepared 
standards covering all types of elec- 
tronic cores made from iron powder. 
Standard 11-51T is available for 25c 
per copy from the Met<] Powder Assn., 
420 Lexington Ave., New York 17. 


Westinghouse Electric Corp., South 
Philadelphia, has sold the largest gas 
turbine-generator yet ordered to the 
Public Service Co. of Oklahoma. The 
15,000 kw machine will operate at 
1350°F, and the installation will weigh 
700,000 Ib. 


Iron ore imports in 1950 set a record 
total of 9.2 million tons. Of the 15 ex- 
porting countries Chile ranked first. 


SH & 


METALLURGICAL 
LABORATORY 
EQUIPMENT 


. . . provides the metallurgist with the most 
complete line of modern designed precision 
machines for specimen mounting and prepara- 
tion available anywhere in the world. This 
finely made equipment has been developed 
through a thorough understanding of the 
requirements of the metallurgist and a rigid 
insistance on perfection in the mechanical design 
and construction of each item. 


Operator using the new Model No. 1506 low speed pol- Everything needed for metallurgical testing from 

isher. Section of laboratory equipped with No. 1251 Duo cut-off machines, moulding presses, and grinders to 

Belt Sander—No. 1700 Electro Polisher—No. 1315 Press. the mechanical or electrolytic polishers is included 
in the Buehler line. 


In setting up complete laboratories or adding 

THE BUEHLER LINE OF SPECIMEN PREPARATION EQUIPMENT items to present equipment the metallurgists will 
AC SPECI N . 

MOUNT PRESSES @ POWER GRINDERS © een find in the Buehler line of coordinated equipment 


PAPER GRINDERS @ HAND GRINDERS @ BELT erythi roduci bes 
SURFACERS @ MECHANICAL AND ELECTRO POLISH. belt thing needed for P ——e the , work, 
ERS @ POLISHING CLOTHS @ POLISHING ABRASIVES with speed and accuracy. 


Write for bulletin of new equipment or infor- 
mation on any specific item. We invite correspond- 


ence relative to setting up complete laboratories 
suitable for any particular requirement. 
Exclusive U. S$. agents for Amsler and Ch d Testing Machi 


METALLURGICAL APPARATUS 
165 WEST WACKER DRIVE, CHICAGO 1, ILL. 
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PROFESSIONAL SERVICES 


Limited to AIME members, or to com- 
panies that have at least one AIME 
member on their staffs. Rates $40 per 
year per inch. 


ENGINEERS 
CONSULTANTS 
METALLURGISTS 


Small Jobs Welcomed 


SAM TOUR & CO., INC. 
Laboratories and offices 
44 Trinity Place, New York 6, N. Y 
Testing—Certifying 


American Standards 
Testing Bureau, Inc 


MAX STERN 
Consulting Engineer 


150 Broadway New York 7, N. Y. 


Lewis 8. LINDEMUTH 


Cast 


140 CEDAR STREET YORK 6. 


STEEL PRODUCTION 
OPERATION CONSTRUCTION. 


R. S. DEAN LABORATORIES, INC. 


Consulting, Research Development 
Chemistry, Electrochemistry, & Metal- 
lurcy Laboratory Research on 


Contract Basis 
5810—47TH AVENUE AP.2821 


RIVERDALE, MD 


COPPER SMELTER 
SUPERINTENDENT 


For new copper smelter in 
Northeastern Turkey. Must be 
familiar with coal fire rever- 
beratory furnaces and Besse- 
mer converters. Good living 
conditions and excellent cli- 
mate. 
Box F.6, JOURNAL OF METALS 


Maintenance Engineer 
Copper Refinery 


For new copper smelter in 
Northeastern Turkey. Must be 
familiar with coal fire rever- 
beratory furnaces and Besse- 
mer converters. Good living 
conditions and excellent cli- 


mate. 
Box F.7, JOURNAL OF METALS 
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NV. 40t ', New 
York 18; Detroit; 


San Francisco; Chicago 


Metallurgical Engineer with sev- 
eral years’ experience in ore concen- 
tration. Work to be mill operation and 
some development. Expanding organ- 
ization. Salary, to $6000 a year. Loca- 
tion, Southeast. Y5405 

Works Manager, metallurgical or 
mechanical graduate, with at least 5 
years’ ferrous and aluminum alloy 
powder metallurgy experience, to su- 


pervise operations of small plant. 
Salary open. Location, upstate New 
York. Y5393 

Junior Metallurgist to do metal- 


lography and research in field of pow- 
der metallurgy. Salary, $3380 to $3900 
a vear. Location, Westchester County, 
N. Y. Y5353 


Metallurgist, to develop welding 
procedures for improvement in qual- 
ity and reduction in cost. Specify weld- 
ing equipment and techniques for use 
im production of products involving 
carbon and alloy steel in cast or rolled 
form. Advise product engineers as to 
materials for design of products for 
best application of welding. Supervise 
qualification testing of welding proc- 
and welding operators. Super- 
vise X-ray equipment and X-ray oper- 
ators. Perform metallurgical tests as 
required, interpret test results and re- 
ports, and recommend any steps to be 
taken based on such tests. Location, 
New York State. Y5329(b) 


esses 


Lubrication Sales Engineer, 32 to 
40, with experience in sales of indus- 
trial and automotive lubricants, to sell 
lubricating oils and greases through- 
out Latin America Considerable 
traveling. Must have knowledge of 
Spanish. Salary, $7200 a year plus 
expenses. Y5204 


Metallurgist, graduate, preferably 
one with some experience in electric 
furnace melting. Some experience in 
melting of alloy, high speed, tool and 
stainless steels desirable. Salary open 
Location, Pennsylvania. Y5203 


Metallurgist for new nonferrous 
smelter in Chicago area. Write stating 
full particulars. Y5057C 


Metallurgist experienced in physical 
and process ferrous metallurgy, to en- 
gage in contact and development work 
regarding alloy steels. Location, Pitts- 
burgh. Y4981 


Personnel Service 


POSITIONS OPEN 


Metallurgical Engineer to instruct 
courses in mineral preparation, con- 
centration and leaching, plant design 
and graduate courses. Should be inter- 
ested in research. Prefer man with 
advanced degrees and some experi- 
ence. Write stating full personal par- 
ticulars, education, details of experi- 
ence and references. Position will start 
September. S967 


Metallurgical Engineer, graduate 
with 1 or 2 years’ experience in de- 
velopment laboratory handling cus- 
tomer products. Must have knowledge 
of heat treating. Work will involve 
tending furnace, layout work, set-up 
metallurgical laboratory for analysis, 


variations, fluctuations. Might even- 
tually lead to management work 
Salary open. Location, northern In- 


diana. T7668 


Engineers (a) Mill Superintendent 
with minimum of 5 to 10 years’ ex- 
perience in the operation of a mill for 
metal mining company. (b) Assistant 
Mining Engineers for metal mining 
operations in the Philippine Islands. 
Salaries open. Y5022 


Superintendent to take charge of a 
mine and mill at copper, silver, and 
gold property. Salary open. Montana 
Y4975 


MEN AVAILABLE 


Senior Research and Development 
Metallurgist seeks opportunity to ex- 
pand responsibility. Prepared to su- 
pervise metallurgical section, act as 
asst. to director of research large 
company or full responsibility in 
smaller one. Background includes suc- 
cess in research, development, and 
production in powder metallurgy, re- 
fractory metals, aircraft, welding in- 
dustries. Go anywhere for right job 
M-623 


Mineral Economist, 28, married, B.S 
mineral economics and geology, Penn 
State College; M.A. resources and eco- 
nomics, University of Texas. Experi- 
enced coal mining, concentrating 
plants and manufacturing of copper 
products. Desires responsible position 
mining or iron and steel industry in 
sales engineering or other specialized 
work relating to this field. M-624 
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A COMPLETE LINE OF 


METALLURGY PRECISION INSTRUMENTS 


SYLVANIA fot 


NEEDS FOR ITS 
Metallurgical Laboratories 
LOCATED IN BAYSIDE, L. I. 


X-RAY PHYSICIST 
OR METALLURGIST 


te carry out general X-ray diffrac- 


tion work. B.S. in physics or met- NEW 1) DESK-TYPE 


allurgy with either X-ray diffrac- 


og training or experience essen- METALLOGRAPH 


Years ahead in simplicity and 


EXPERIMENTAL ease of operation. Perform 
METALLURGIST every operation while sitting 


comfortably at a modern desk 

te perform research involving tests ... compose the picture on a 

po ao Se. screen directly in front of you . . . focus camera automatically while examining speci- 

metallurgy or physics. jis men through the microscope . . . take notes, change magnification, adjust the lamp, make 
the exposure—all with unbeliev able speed, ease, and precision Other features: monocular 

or binocular bodies, revolving objective turret, two lamps — visual and photographic, 


EXPERIMENTAL “autofocus” coarse adjustment stop. 
PHYSICIST spencer METALLURGICAL MICROSCOPES 


From this complete line of Spencer Metallurgical Microscopes you 


te make physical measurements on 
thermal conductivity and expan- can select an instrument that exactly meets your needs. Here are 
sion. B.S. in physics and experi- some of the many outstanding features for convenience and speed 


mental ability essential. in operation 


@ Americote Optics climinate reflections and provide added 
xX RAY contrast 

@ Wide Range Adjustable Stage handles unusually large 
PHYSICIST or small specimens 
‘ P @ Large, Sturdy, Research-Type Stand with micrometer 
perform investigations based on 
screw fine adjustment interchangeable body tubes 
techniques Brilliant, Uniform tlumination from a vertical illum- 

equipment; analyze results. 

Ph.D. in physics with background inator that is simple to operate, sturdy, and always cool 
in X-ray diffraction theory essen- enough to handle 
tial. Training in solid state, phys- 
feal metallurgy, or crystal struc- @ Variety of Equipment for teaching, routine examina- 
ture analysis desirable. tions, and research. 


 srencer STEREOSCOPIC MICROSCOPES 


These Positions Offer “J Two distinct advantages are offered by these instruments 


Opportunities ina Challenging 1. The image is erect and a wide field of view 1s provided 
Field to Contribute to 2. The image has depth and shows the specimen in three- 
dimensional perspective 


the Growth of a Steadily These are real advantages in studying surface characteristics 
Expanding Company and examining parts 
No. 26 is designed for examining small specimens 
No. 23 (illustrated) for large objects. No. 353 lamp provides 
an adaptable source of illumination. 


spencer BIERBAUM MICROCHARACTER 


This is a precision instrument for determining the hardness of small areas, particles, and 
microscopic constituents in metals. A highly polished and lubricated specimen is moved 


SYLVANIA by micrometer feed beneath an accurately ground diamond point. The pressure is pre- 
cisely controlled so that hardness can be determined by the width of the resulting cut 
ELECTRIC PRODUCTS, INC. when measured under the microscope. 


ADDRESS ALL REPLIES TO 


MANAGER OF PERSONNEL 


40-22 Lawrence St., Flushing, Fer farther information 


Long Island, New York American Optical 


Spencer Instruments 
write Dept. T182 


COmPpanY 


INSTRUMENT DIVISION « BUFFALO 15, NEW YORK 
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New Products 


1—GRATING MONOCHROMATOR: A |-meter grating 
monochromator that can be used over the spectral 
range from ultra-violet to infra-red without inter- 
changing optical components has been announced by 
Baird Associates, Inc. The instrument is said to provide 
spectral purity equal to or better than a double mono- 
chromator of the prism type. The amplifier is designed 
to operate in conjunction with a light chopper syn- 
chronous generator combination. 


2—MERCURY CLEANER: Up to 600 lb of mercury per 
day can be cleaned of dissolved base metals and float- 
ing impurities such as water, oil, and dust, with Beth- 
lehem Apparatus Co.’s 150 lb capacity mercury oxifier 
and filter. Residual contamination is less than one ppm, 
and the cleaned mercury can be used in precision in- 
struments and wherever high purity is desirable. 


3—DUAL-PURPOSE OIL: A combination bearing lu- 
bricant and roll oil is marketed by the Texas Co. to 
meet the demands of the Sendzimir Precision cold strip 
rolling mill. It permits proper lubrication of the anti- 
friction bearings, acts as a coolant on the strip during 
rolling, provides rust protection during shutdowns, and 
is easily removable. 


4—STRIP-CHART RECORDER: Baldwin-Lima-Hamil- 
ton Corp. offers a self-contained, portable recorder for 
plotting automatically on rectangular coordinates the 
simultaneous relationship between any two variables 
that can be made to actuate the variable transformers 
It can also be used with any testing machine in which 
hydrostatic pressure in the loading or weighing system 
is proportional to load applied to the specimen, and 
some types of testing machines having mechanical load- 
ing and weighing systems 


5—ADHESIVES: Four industrial adhesives in liquid, 
powder and rod form that can be cured at room or 
elevated temperatures are produced by Houghton Lab- 
oratories, Inc. Liquid Adhesive 101 is recommended for 


Vcu Products 


New Literature 


For Further Information or Literature on any Product, Fill in the Coupon and Send to JOURNAL OF METALS 


Students are Requested to Apply Directly to Manufacturers for Bulletins and Information 


Journal of Metals June 
29 West 39th St. 
New York 18, N. Y. 


More Information 


Please send me Free Literature C) 
Price Data 

on items indicated 
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21 22 23 24 25 26 27 28 29 30 | 
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428A—JOURNAL OF METALS, JUNE 1951 


New Services 


bonding metal to metal, glass to glass, ceramics to cera- 
mics, and hard rubber to glass, metal, or wood; Liquid 
Adhesive 102 is intended for use where one of the parts 
is porous, such as bonding metal to plywood; Solid 
Type I is used where optimum shear strength is de- 
sired; and Liquid Type XV is a liquid version of solid 
type I. 


6—MAGNETIC HOLDER: A magnetic-base indicator 
holder, announced by Enco Mfg. Co., attaches to flat or 
curved surfaces with 100 Ib pull to hold all types of 
dial indicators in operating position 


7—TACHOMETER: U.S. Varidrive motors are now 
available with a variable speed electric tachometers 
for applications that require continuous and accurate 
speed indication. U.S. Electrical Motors, Inc. 


8—SILVER-CLAD STEEL: Steel strip clad on one or 
both sides with solid sheet silver is available from 
American Silver Co., Inc., in widths up to 4 in. and 
thicknesses down to 0.005 in. It can be shaped by stamp- 
ing, bending, drawing and spinning. 


9—CONTACT WHEEL: A new type of contact wheel 
for abrasive belt application on backstand idler appli- 
cations is now produced by the Carborundum Co. The 
specially-serrated rubber wheel reduces glazing and 
doubles belt life 


10—WELDING FLUX: A cast iron welding flux in the 
form of finely ground powder is said to have good 
cleaning action, and impart superior flow characteristics 
to cast iron welding rods. All-State Welding Alloys 
Co. Ince 


11—POWDER METAL PRESSES: Hydraulic presses 
for pressing and coining powder metal parts are now 
being manufactured by Arthur Colton Co. These 
presses, offering economy and precision, are based on 
original developments of the company. 


12—RUST INHIBITOR: Ferrous metals that must be 
immersed in or contain water are prevented from rust- 
ing by the addition of Immunol, a liquid chemical, to 
the water. Immunol will not affect the skin, and is said 
to replace alkali cleaners and inflammable solvents. 
Haas Miller Corp 


13—OINTMENT FOR BURNS: A-Gic, a gel prepared 
from the Aloe Leaf, reported to be effective in treating 
X-ray burns as well as fire, acid, alkali, and industrial 
burns, is marketed by Cargille Scientific Inc. 


14—RADIATION DOSEMETER: The SU-8 Pocket 
Dosemeter is designed by Tracerlab to provide scien- 
tists and technicians handling radioactive material with 
a quick and accurate indication of the amount of radia- 
tion exposure during a given period of time 


15—GRAPHITE ANODE: A new size 3x60 in. graphite 
ground anode provides longer life, is rugged, and is 
easy to transport to the field. The anodes are recom- 
mended for the cathodic protection of pipe lines, tanks, 
and all sorts of underground and underwater metal 


structures. National Carbon Co. 


— 
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16—NICKEL BRIGHTENER: The Smoothex Brightener 
Process, using new organic addition agents, provides a 
fast, low cost, lustrous nickel plating method. Developed 
by The Gill Corp., the process can be operated at cur- 
rent densities of 50 to 100 amp per sq ft. 


17—RED LEAD: Red lead in an alkyd resin vehicle is 
formulated by John W. Masury & Sons, Inc. to meet 
demands of steel fabricators for a shop coat. It gives 
good protection without a finish coat, and can be 
brushed or sprayed. 


18—REFRIGERATION: Reciprocating refrigeration 
machines designed for air conditioning and refrigera- 
tion use in the 100 to 150 hp range are announced by 
Carrier Corp. The machines are adaptable to industrial 
requirements such as direct product cooling, brine chill- 
ing, and ammonia and chlorine condensing. 


19—ELECTRICAL STEEL: An iron-silicon alloy with 
a high degree of orientation and intended for use in 
wound-type transformers and reactors operating at 400 
cycles, is made by Armco Steel Corp. TRAN-COR 
T-O-S has a minimum permeability of 1800 at 18 kilo- 
gausses, and has good workability. 


Free Literature 


21—VACUUM CALCULATOR: The Stokes Vacuum 
Calculator, a slide rule designed for quick calculations 
in vacuum research and processing work, is available 
from F. J. Stokes Machine Co. Pump capacities re- 
quired for evacuation, water vapor-pressure, and boil- 
ing points of various solvents under pressure can be 
determined with the slide rule. 


22—SOLID LUBRICANTS: Climax Molybdenum Co. 
has prepared a booklet “Molybdenum Disulphide as a 
Lubricant,” containing excerpts from technical papers 
for all interested in lubricants and anti-fretting mate- 
rials. 


23—COMBUSTON SAFEGUARD: The 32-p. catalog 
“Protectoglo Combustion Safeguard for Industrial Gas- 
Fired and Oil-Fired Burners,” is a complete manual on 
flame failure protection for industrial applications. 
Minneapolis-Honeywell Regulator Co. 


24—OPTICAL PARTS: Information on standard pre- 
cision optical parts for engineers and designers is con- 
tained in Bausch & Lomb Optical Co.’s new catalog. 


25—BALL BEARINGS: A 12-p. catalog on miniature 
ball bearings containing specifications and typical ap- 
plications is available from Miniature Precision Bear- 
ings, Inc. 


26—SOUND FILMS: Sound films covering general in- 
terest subjects, product information, and training and 
instruction courses are listed in a new catalog offered 
by Westinghouse Electric Corp. 


27—CHROMIUM PLATING: The Model A-20 Chro- 
master, an industrial hard chromium plating unit, is 
described in a 4-p. bulletin of Ward Leonard Electric 
Co. The unit is compact, and has a built-in power 


supply. 


28—METAL SPINNING: A 38-p. bulletin issued by 
Spincraft, Inc., outlines what can be done with the 
combination of metal spinning and metal fabrication. 
Many specific applications are described in this well 
illustrated presentation. 


29—PUMPS AND HEAT EXCHANGERS: Literature 
describing Nu-Kast pumps and heat exchangers de- 
signed for transfer of corrosive liquids is offered by 
Nukem Products Corp. The pumps, made of cast resins, 
are low priced and light weight; the heat exchangers 
are of Karbate. 


30—TUBING STEELS: Condensed technical informa- 
tion concerning the design, fabrication, and use of 
tubing for elevated temperature and high pressure ap- 
plications is contained in a 6-p. bulletin of Babcock & 
Wilcox Tube Co. Included are data on carbon, inter- 
mediate chromium-molybdenum, and stainless steels. 


31—ALUMINUM PROTECTION: A folder on the pro- 
tection of aluminum by Alodizing, a protective surface 
conversion process for bonding paint to aluminum, is 
obtainable from American Chemical Paint Co. 


32—TEMPERATURE MEASUREMENT: Folder N-33- 
640(1), published by Leeds & Northrup Co., describes 
equipment used for molten steel temperature measure- 
ment. 


33—TORQUEMETERS: Baldwin SR-4 torquemeters, 
based on measurement with resistance wire strain 
gages are discussed in Bulletin 328 of Baldwin-Lima- 
Hamilton Corp. Specifications and tables of instrument 
characteristics are included. 


34—HIGH TEMPERATURE TESTING: Marshall fur- 
naces and controls for high temperature tensile, fatigue, 
creep and stress rupture tests are described in an illus- 
trated folder of L. H. Marshall Co. 


35—SPECIMEN POLISHING: Buehler, Ltd. describes 
the Diamet-Hyprez line of diamond abrasives in an 
informative booklet. Included is a discussion of the 
advantages of metallurgical specimen polishing using 
diamond abrasives. 


36—REFRACTORIES: “Super Refractories for Heat 
Treatment Furnaces” is the subject of a 40-p. booklet 
issued by the Carborundum Co. A full line of refrac- 
tories and their applications is described. 


37—FURNACES: The complete line of electric furnaces 
for heat treating is described in Hoskins Mfg. Co.'s 
catalog 59-R. All furnaces are equipped with Chromel 
heating elements. 


38—THREAD INSERTS: A 16-p. bulletin covering de- 
sign data on helical-wire thread inserts and their use 
in the protection and repair of tapped holes is offered 
by Heli-Coil Corp. 


39—FORCE INDICATORS: Engineering specifications 
on a precision instrument used for accurate force meas- 
urement in design, research, production, inspection, and 
maintenance is included in Hunter Spring Co.’s bul- 
letin. A number of typical applications are described. 


40—STAINLESS STEELS: Properties, available forms, 
and fabrication of two types of precipitation harden- 
ing stainless steels are published in a booklet by Armco 
Steel Corp. These steels combine good corrosion resist- 
ance with high strength and hardness. 


41—DIE STEEL: “Prestem, the Hot Working Die Steel 
for Forging Presses and Upsetters,” is a 4-p. bulletin 


issued by Heppenstall Co. 
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Extensive Research is an extremely important 


fundamental in the development of Harbison- 


Walker Blast Furnace Refractories 
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Blast furnace brick of the right quality for 
each zone are necessary for maximum pro- 
duction and greatest economy. The full 
complement of Harbison-Walker Blast 
Furnace Refractories provides for the 
proper selection for every combination of 
furnace operating conditions. 

For more than half a century Harbison- 
Walker Blast Furnace Refractories have 
been the leading choice of the industry. 
Recent surveys disclose the fact that the 
major portion of linings currently installed 
in the United States, Canada, and Mexico 
are Harbison-Walker brands. At present, 
complete and partial Harbison-Walker lin- 
ings for more than 100 blast furnaces are 
in process of manufacture. Whether your 
furnace practice calls for the best standard 
conventional linings or for super-duty lin- 
ings, Harbison-Walker produces the refrac- 
tories best suited for your specific needs. 


One of the modern tunnel kilns used in the production 
of blast furnace brick. Accurate control of firing 
conditions is a m ijor factor im securing the most 
desirable physical properties 


Vacuum power pressing with the most modern equip- 
ment contributes to the dependable high quality and 
excellent workmanship of Harbison-Walker blast fur 
nace refractories. 


HARBISON-WALKER 

Te ‘J Ai 

4 

\ 


REFRACTORIES 
for SERVICE-BALANCED /inings 


Regular or Special Zoned 


HARBISON-WALKER REFRACTORIES COMPANY 


AND SUBSIDIARIES 
World’s Largest Producer of Refractories 
General Offices: PITTSBURGH 22, PENNA. 
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A Digest of the Production, Properties, and Uses of Steels and Other Metals 


Published by Electro Metallurgical Company. a Division of Union Carbide and Carbon Corporation, 30 East 
42nd Street, New York 17, N. Y.+ In Canada: Electro Metallurgical Company of Canada, Limited, Welland, Ontario 


these critical times when many 


illoving materials are scarce, you may be 
use vanadium t od adv intaye 
Steels alloved 


of the mechanic 


with vanadium meet most 


il specifications for low 
ind structural steels 


Vv engineering 
In fact, vanadium can often be used in 
engineering stec ls to replace at least part 
if not all, of certain alloys now in critical 
sul rly 


Ihe metallurey of vanadium is well 


Small additi of vanadium 


ns 
I to per cent can he used effec 
tively to give steel extra strength, tough 
n ind resistance to fatigue and wear 
It improves engineering steels by increas-_ | 
ing their vield strength without sacrific 
i luctilitv. The uniformly fine grain 
s! of vanadium-bearing steels makes 
them tough and resistant to abrasion 
fatigue. and impact | 
Better Mechanical Properties 
In the following table are typical 
analyses for carbon-vanadium and chro- | 
n rvanadium steels that are suitable 
f rr t ap lications where low-allov 


Fig. 1 


Steels and helps conserve critic 


Vanadium 


How VANADIUM improves engineering 
al alloys 


increases the 


strength, toughness, and wear resis 


tance of engineering steels for many 


machine parts, such as this large crank- 


shaft 


high-strength steels are required. The 
carbon-vanadium steel is compared with 
plain-carbon steel; and the chromium 
vanadium steel, with chromium-molyb 
denum steel. Note the excellent prop 
erties of the vanadium-bearing steels. 


Improves Cast Iron 


\ small addition of vanadium, usually 


from o.1¢ 25 per cent, refines the 


to 


Properties of Vanadi Steels Compared With Other Engineering Steels 
Corben- | Ch Chromi 
Carbon Vanadi Molybd Vonadi 
Typical Analysis, % Steel Steel Steel Steel 
Vanadium 0.16 0.16 
Carbon 0.50 0.49 0.50 0.50 
Manganese 0.71 0.77 0.80 0.79 
Silicon 0.19 0.15 0.30 0.31 
Chromium _ _ 0.95 0.98 
Annealed and 
Furnace-Cooled 
Tensile Strength, psi 90,600 100,000 100,000 99,500 
Yield Point, psi 48,900 66,000 50,000 64,100 
Elongation in 2 in ° % 23.3 25.0 23.0 28.4 
Reduction of Area % 37.8 49.1 45.0 59.0 
Izod Impact, ft.-Ib 13.5 26.0 17.0 44.0 
Quenched and Tempered 
Tensile Strength, psi 134,900 134,500 232,000 232,800 
Yield Point, psi 110,800 128,000 214,500 224,200 
Elongation in 2 in., % 18.3 18.3 10.0 10.4 
Reduction of Area, % 54.1 56.6 39.0 43.1 
Izod Impact, ft.-Ib 54.0 65.0 12.0 12.0 
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grain of cast iron, and materially in 
creases its strength and hardness. More 
over, vanadium may be used in cast iron 
to replace at least part, if not all, of cer 
tain alloys that are now in short supply. 


Vanadium in Rimmed Steel 
An addition of approximately 1 Ib. of 
vanadium per ton of steel produces non 
aging characteristics in a rimmed steel. 
toge ther 


These non-aging 


with improved deep-drawing character 


properties, 


istics and the good surface inherent in 
rimmed steels, make these steels of par 
ticular interest at the present time. 


Grades of Ferrovanadium 
Evectromert produces ferrovanadium 
to $5 per cent vanadium 


containing 50 
for the production of vanadium-bearing 


steels and irons. The alloy is produced 
in three grades with maximum 0.2 
2.50, or 3.00 per cent carbon and maxi- 


Fig. 2—Steel and iron castings treated 


with small additions of vanadium have 


high ductility and greater toughness 


and impact resistance. 


mum 1.50, 2.00, and 8.00 per cent sili- 


con, respectively. Each grade is specially 
adapted to fill the different requirements 
of iron- and steel-making. 

Write for a copy of the booklet, “Exec 
rromet Ferro-Allovs and Metals,” which 
gives helpful information about the use of 
ferrovanadium and other alloving metals 
that Erecrromer supplies. The booklet 
be obtained from 

ELecTrRoMeET 


may 


any 
office: in Birmingham, 
Chicago, Cleveland, 
Detroit, Los Angeles, 
New York, Pittsburgh 
or San Francisco. In 
Canada: Welland, 


Ontaric 


wee 


The term “Electromet™ is a registered trade 
mark of Union Carbide and Carbon Corporation 
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T. L. OBERLE . ROSS 


T. L. Oberle (p. 438) received his B.S. 
and M.S. degrees from Purdue Uni- 
versity, and is Staff Metallurgist in 
the research dept. of the Caterpillar 
Tractor Co., Peoria, Ill. 


D. S. Leckie (p. 443), Quality Control 
Engineer for Republic Steel Corp., 
Cleveland, is a graduate of Purdue 
University. 


N. K. Chen (p. 461) was born in 
Hunan, China, graduated from Tang- 
shan Engineering College, and received 
his M.Eng. and D.Eng. degrees from 
Yale University. He is a Research As- 
sociate at Johns Hopkins University. 


oF 
IN ALLOY OR SINTERED LUMP FORM 


If you have a problem in alloying with Ti and Zr — or trouble 
with the castings you produce with these alloys — then it's time now 


R. B. Pond (p. 461) graduated from 
Virginia Polytechnic Institute, and is 
Associate Professor at Johns Hopkins 
University. 


S. T. Ross (p. 465), Metallurgist and to discover how Metal Hydrides Incorporated can help you. Thanks 
Asst. to the Chief Chemist, Harrison to new techniques, MH produces Titanium and Zirconium (and many 
Radiator Div., General Motors Corp., other metals and alloys) in ¢ cial q ities in far more useful 


graduated from Purdue University 


with B.S., MS., and Ph.D. degrees. forms than ever before. For example: 


J. C. Bray (p. 465) has been Head, MH TITANIUM is available as — 


- School of Chemical and Metallurgical TiCu— A master alloy easily introduced by normal foundry practices. 
“4 Eng. for 12 of his 28 years at Purdue Assures high yield at comparatively low cost. 
4 University. He studied at MIT, and re- TiNi — If you work with nickel, and the addition of Ti for its tensile- 


ceived his B.S. and Ph.D. degrees from 


increasing grain-refining qualities is a requirement, you'll get top 


MIT. 

f results with TiNi. Readily miscible at normal furnace temperature. 

{ P. R. Drummond (p. 468) was born in Sintered Ti— Highly refined lumps for easy, fast, no-loss inclusions. : 
Scotland, and is a graduate of the Uni- “al 
versity of Toronto. He is Chief Metal- — 
lurgist at the Baltimore Plant of Amer- 2c r : 
ican Smelting & Refining Co. u — Forms age-hardening alloys without loss of heat and 

electrical conductivity ... many other valuable uses. 
I. S. Servi (p. 473), a graduate of Uni- Sintered Zr — Safe easy-to-handle form of Zr . . . introduced by 

‘ versity of Milan, was born in Italy, regular furnacing procedures — gives extra quality to your Cu, Ni, or 

| and received M.S. and Sc.D. degrees other alloys. 
paved MIT, where he is a Research These new MH metallurgical tools can help simplify your alloying 

ssistant problems. Find out how — write today outlining your problem. 


Easy to handle Use directly 
Non-oxidizing additive Fortify grain structure 
Economical Refine grain structure 


| Titanium, Lithium, 

| Aluminum, Zirconium, 
Tantalum, Sodium, 
Barium and Calcium 

J. C. BRAY |. S. SERVI Hydrides 


METAL HYDRIDES Inc. 
12-24 Congress Street 
BEVERLY. MASS. 
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ARLIE HEILIG 


Charlie Heilig, manager of the Basic 
Service Division, joined the stoff in 1944, 
with 23 years’ experience in steeimok- 


ing, including years os an open hearth 
superintendent 


BASIC FURNACE 


. 


Special Service Division equipment in use on ao Ramset hearth installation 


OUR NEW SERVICE DIVISION 


—— trade mark identifies a dependable product. But qual- 
ity of product is only one of the values that stand back of the 


“man with the shovel.” 


One additional value you get with the purchase of our refractory 
products is professional assistance in their use, made available because 
we believe it important to see that a good refractory is used to maxi- 
mum advantage. This help is provided by the new Basic Service Divi- 
sion. Like their associates in the Sales Division, the service men are 
ex-steelmakers with a sound knowledge of good refractory practice. 

You pay no more for Basic products because of these extra values. 


They represent just another plus that your dollar buys, a further effort 
to earn an increasing share of your granular basic refractories business. 


fract Inco ‘a cd 845 HANNA BUILDING, CLEVELAND 15, OHIO 


Exclusive Agents in Canada. REFRACTORIES ENGINEERING AND SUPPLIES, LTD., Hamilton and Montreal 
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VERY year new words, phrases, or methods of ex- 
pression rise to temporary fame. Such, for exam- 
ple, was the word normalcy, popularized by President 
Coolidge. A year or so ago we mentioned the new 
vogue for presently instead of currently, presently 
having usually meant pretty soon instead of right now. 

A few years ago Time, we believe it was, began 
writing it $8 million instead of $8,000,000, and the 
practice of expressing large sums in this way has 
spread to most newspapers and magazines. We pre- 
sume the reason for this style was to avoid a row of 
cyphers; there is no saving in the space used. at least 
not until we get into the billions. We still are not sure 
just how this should be read. Are we supposed to 
read it eight million dollars, or eight dollars million? 
If the former, then what do you do when the $8 comes 
at the end of a line, or column, or page? You see the 
$8 but your eye has to travel elsewhere to see the 
million. A well-known columnist puts it this way: 8 
million $, which makes more sense, if one can get used 
to seeing a dollar sign all by its lonesome. 

Perhaps the most noticeable comet in the present 
linguistic sky is the common use of the awkward ex- 
pression “as of.” This originally was legal jargon, and 
confined to financial reports and such where it some- 
times had a useful significance. But now we read in 
the paper, “Unfilled orders as of Dec. 31 were $91,260,- 
000." Why not on? In a newsletter: “The cost-of- 
living index made a new all-time high as of Feb. 15.” 
Why not “The Feb. 15 cost-of-living index. ...? And 
the radio: “As of right now, the forces of nature seem 
to be under control.” Why the as of? Also, “The 
Jersey Central is shutting down services as of 1 o'clock 
tomorrow.” Why not say at? In “All About Eve,” “As 
of this moment, you are six years old.” Again, why 
not at? And in the U. S. Steel report, “U. S .Steel’s 
ingot capacity has been increased to give a total annual 
capacity, as of Jan. 1, 1951, of 33.9 million tons.” Why 
not say on? 

We suspect that those who use this bit of frippery 
unconsciously think they are utilizing one of the super 
niceties of expression. As a matter of fact, 99 times 
out of a hundred, they are using a clumsy phrase that 
could better either be omitted entirely or be replaced 
by one two-letter word. 

Another adaptation of the last few years is use of 
the word defense instead of military or war prepara- 
tion. Good psychology is back of this euphemism. No 
one can object to defense of the country, but every- 
body is fed up with war as a means of settling inter- 
national difficulties. 


AIME Student Problem 


A variety of problems pertaining to the payment of 
AIME dues is constantly arising. Perhaps a few case 
histories will prove informative, so in this issue we 
will start with one that happens to have crossed our 
desk just recently 

A young man was elected a Student Associate in the 
fall of 1946 and paid his initial dues carrying him 
through 1947. He made no payment for 1948, 1949, or 
1950, so was dropped at the end of 1949. He now wishes 
to be reinstated and to be assured that his membership 
will date continuously from 1947. 

When AIME headquarters learned that he wished 
to be reinstated he was sent a bill for $1 for arrears in 
dues and $4.50 for current dues, including a journal 


Drift of hinge as tollowed by Edward H. Robie 


subscription. The gentleman in question said it was 
not clear to him if payment of the $1 covered (1) pay- 
ment in full for the back dues for 1948, '49, and ‘50; 
(2) reinstatement in good standing; or (3) whether 
or not his original election date would be retained. 

In reply we told him: “It has been our practice to 
accept $1 as a reinstatement fee for Student Associates 
who have been dropped as owing two years’ arrears 
in dues. This is equivalent to one half of the $2 
formerly charged Student Associates as annual dues. 
Beginning in 1951, however, Student Associates who 
have not paid their dues by March 31 of any year are 
thereupon immediately dropped; thus no arrears will 
accumulate and the young man can later be reinstated 
without any charge other than dues for the year of 
reinstatement. 

“To maintain his original election date a Student 
Associate or any other member must pay his dues 
continuously for the full amount, otherwise the date 
of his reinstatement becomes his election date on our 
records. To be recorded as a member of 1947, it 
would be necessary in the present case to pay $6, 
covering dues for 1948, '49, and °50, together with the 
$4.50 for 1951 which includes a journal subscription.” 


Bureau of Mines Films 


An important activity of the Bureau of Mines that 
perhaps has not had the recognition it deserves is its 
motion picture work. Not only does the Bureau pro- 
mote the making of films covering the mining, metal- 
lurgical, petroleum, and allied industries, but it main- 
tains a free loan library of more than 16,000 reels. 
Last year its motion pictures were shown more than 
177,000 times before audiences of 12 million people, 
not including showings by television. 

This is one Government activity, and one of the 
more worthwhile ones it may be added, which costs 
the taxpayers comparatively nothing. The companies 
whose operations are depicted in the films have been 
eager to cooperate and to pay all production costs, 
even though the Bureau does not allow any trade 
marks, trade names, or advertising material to be 
shown. The only company identification is the name 
of the sponsoring company at the beginning and end 
of each film. Apparently the companies feel that even 
this modest mention of their name is worth the cost 
of the film in making for better employee morale and 
good public relations. Then, too, they have a sense of 
professional responsibility and pride in showing an 
interested public the highlights of their practice. They 
choose their own producing company, but the Bureau 
scrutinizes the scenario to make sure that the picture 
will be suitable for public showing on a noncommer- 
cial basis. Many, 1f not most, of the more recent films 
are in color. Both silent and sound films are included 
in the library. 

Any companies that feel their operations are likely 
to be of sufficient public interest to warrant film re- 
cording should apply to M. F. Leopold, Bureau of 
Mines, Washington 25, D. C. Mr. Leopold, who joined 
the Bureau when it was created in 1910 and recently 
received the Interior Dept.’s gold medal for dis- 
tinguished service, is well-known throughout the min- 
eral industry. Those groups who wish to borrow the 
films for showing should apply to the Bureau of Mines 
Graphic Services Section, 4800 Forbes St., Pittsburgh 
13. A catalog is available, as well as special publicity 
releases on all the new films as issued. 
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DUCTILE IRON 


replaces steel 


IN SHAFTING 


| 28% less than that 
finished cost ) forged steel shafts |. |, | 


DUCTILE IRON is a cast ferrous prod- Typical Current Applications: 


uct that combines the process ad- Axle housing for road machinery, = L ol 

vantages of cast iron along with steel rolling mill bearings, chain brow F 7 

many of the product advantages of swivels, diesel cylinder heads, 

cast steel. grates, pipe fittings, rails, etc. ; ———— 
DUCTILE IRON FORGED STEEL 


In less than two years, ductile AVAILABILITY: Send us details of 


iron has attained wide acceptance your prospective uses, so that we COOPER-BESSEMER CORP., 
Mt. Vernon, Ohio, adopted duc- 
tile iron generator shafts to 
ity, high mechanical properties and some 100 authorized foundries now replace those of forged steel. 
Corresponding changes in de- 
sign and dimensions are shown 
ductile iron show superior strength, licenses. Request a list of available above. 

Ductile iron provides unus- 
ual advantages. Its tensile 
resistance. the coupon now. strength runs between 83,000 


and 94,000 p.s.i. as cast, on test 
bars cut from a full diameter 


The International Nickel Company. Inc , 

Dept. J.M., 67 Wall Street, New York 5, N. Y. extension on the small end. Un- 
: euctas moe like forged steel, which is a 
Please send me a list of publications on product obtained from outside 
sources, ductile iron shafts are 


because it offers excellent castabil- may suggest a source of supply from 


good machinability. Parts cast in producing ductile iron under patent 


high modulus and excellent shock publications on Ductile Iron... mail 


Moms 7. cast as well as machined in the 
company’s own plant. They 
make possible a low finished 

tie cost ... 28% less than that of a 
forged steel shaft made to the 

City State dimensions shown above. 


! 
! 
Company 
! 
! 


THE INTERNATIONAL NICKEL COMPANY, INC. 
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Journal of Metals = Cforter 


A pocket size atomic radiation detector powered by flashlight batteries is 
expected to replace a 24 lb Geiger instrument. The new detector gives 
scale readings from 0.005 to 500 roentgens per hr, the safe to hot range, 


Research and development for the military has passed the $1 billion mark and 
is increasing. Industrial research facilities, colleges and scientists 

will play a larger role under the long-range program of the Dept. of 

Defense Research Development Board, 


A feedback electronic control circuit has been used to measure regulator 
carbon-pile resistance, Carbon-pile power dissipation was found to be 
more important than ambient temperature, and magnetic hysteresis permitted 
good regulation of large disturbances while tending to stabilize the 

regulated system in the steady state. 


A third anhydrite kiln will be installed by Imperial Chemical Industries, 
Great Britain, which will raise the output of sulphuric acid from 

100,000 to 175,000 tons per year. The company is cooperating with United 
Sulphuric Acid Corp., formed to produce acid from anhydrite. 


Sulphuric acid requirements for the production of super-phosphates for the 
fertilizer industry may be reduced by using a mixture of nitric and sul- 
phuric acids, and may eventually be eliminated by using nitric acid alone. 


Gold production in 1950 is estimated at 26 million oz, 500,000 oz more than 
in 1949. Increased output of the U. S. and Canada accounted for this raise 
and balanced some reductions of other countries. 


The British penny has gone the way of the American nickel. No longer 
available to Britons are the penny postcard, the penny bun, the penny bar 
of chocolate, and now the penny newspaper is three-halfpence, 


A guided missile production plant at Pomona, Calif., is under consideration 
by the Navy Bureau of Ordnance in consideration with Consolidated Vultee 
Aircraft Corp. 


The functions of the Munitions Board relating to manpower, industrial 
relations, and labor supply have been transferred to the Office of the 
Asst. Secretary of Defense, Anna Rosenberg. The Manpower Supply Div. 

has been organized to handle this work, 


A new device breaks coal from a mine face by the force of compressed gas 
generated by chemical reaction within a reusable steel tube. The flame- 
less reaction is started by a controlled electric current, and the unit 

cannot be detonated accidently by stray currents or dynamite, 


Small photographs anc printed material can be transmitted anywhere in the world 
with facsimile equipment under development by the Army Signal Corps. In 
addition, the transmitted material can be reproduced automatically on 
stencils, enabling pictures and news of front-line operations to be 
available for distribution within minutes. 


A free piston gasifier, an opposed piston-type diesel, has a balanced 
reciprocating mass, resulting in little vibration. The elimination of 

crankshaft and connecting rods permits higher cylinder pressures thar that 
of regular diesels. 
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To help you get 
out of the steels 
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you re getting 


The rearmament program is packed with headaches for steel users. 
And that is true whether you are working on defense orders or on 
non-military requirements. 


if you are working on defense materials you will of course 
get first call on critical steels. The steels you need for govern- 
ment defense orders will somehow be made available, but — 
you will still be faced with the necessity of quickly making 


the most out of those steels. For military needs are pressing and 
promise to become more so. 


if you are working on purely civilian goods, your problem 
is an even more difficult one. You will find it almost impossible 
to obtain certain steel items that are essential for defense. To 
fill the gap you will have to employ substitute steels. You'll need 
help not only in selecting the proper substitute steels, but in 
using them properly. 

We are prepared to assist you in either situation. 
The steel engineers and metallurgists we have assigned to this 
important job of helping you use steel more effectively are the same 
men who were largely responsible for the development of National 
Emergency steels — one of the outstanding metallurgical accom- 
plishments of World War II. These men can call upon the facilities 
of the most completely equipped steel research laboratories and the 
largest steel making plants in America. They can bring to the solu- 
tion of your problems the very latest ideas and time-saving tech- 
niques in the working and treatment of steel. We urge you to draw 
freely upon this rich reservoir of experience. 


the most 


UNITED STATES STEEL COMPANY, PITTSBURGH 
COLUMBIA STEEL COMPANY, SAN FRANCISCO 
TENNESSEE COAL, IRON & RAILROAD COMPANY, BIRMINGHAM 
UNITED STATES STEEL SUPPLY COMPANY, WAREHOUSE DISTRIBUTORS, COAST-TO-COAST 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


AND STEEL 


isa 
VITAL DEFENSE MATERIAL 


'T MEANS MONEY FOR YOU 
MCRE STEEL FOR AMERICA 


Carilloy Steels 


ELECTRIC FURNACE OR OPEN HEARTH COMPLETE PRODUCTION FACILITIES IN CHICAGO OR PITTSBURGH 


1-919 
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BORON STEELS 


plus values 
are secured 


4 


Plus values in effectiveness and in uniformity of results are 
obtained by the production of boron steels with Grainal alloys, 
for these alloys are composed of boron plus other carefully 
selected elements. 

These additional elements . . . by combining with excess nitro- 
gen and oxygen... enable the boron to function most effectively 
and thus consistently secure maximum benefits. 


NADIUM Corporat ON OF AMERICA 
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Properties Influencing 


Wear of Metals 


Wear of metals costs billions of dollars annuaily; an 
amount exceeded not even by the loss through cor- 


rosion of metals. The importance of metal wear is 
emphasized in this special JOURNAL OF METALS 
feature. It deals not only with factors influencing 
wear of metals, but also is a study of methods to 


reduce or eliminate this costly waste. 


have been strengthened so successfully that 
materials run for thousands of, hours. Failure is now 
often the result of various types of surface deterio- 
ration that cannot be studied readily by tension, 
impact, or hardness tests. The simple trial and error 
approach to problems involving complex phenom- 
ena of wear is time consuming and costly and results 
in little information of permanent value. Meanwhile 
wear loss costs billions of dollars annually; a cost 
that may not be exceeded even by the tremendous 
annual cost of corrosion of metals 

In 1676, Hooke demonstrated that stress was pro- 
portional to strain at loads below the elastic limit 
In 1881 Herz’ published his pioneer work on the 
elastic deformation of solid surfaces. The elastic 
relationships of materials under load have been 
developed in recent years by Timoshenko and 
Despite the importance of the influence 
of the elastic properties upon the deflection and the 
tresses in metal surfaces under load, there appears 
to have been no conscious effort on the part of 
metallurgists to alter the elastic modulus of metals 
to control wear. Efforts are being directed, however, 
toward raising the yield strength of metals to re- 
duce wear. 

The elastic modulus of a material is the ratio of 
tress to strain. These relationships are shown 
graphically in Fig. 1. High modulus metals, A in 
Fig. 1, have a steep slope indicating that even a high 
causes relatively little elastic strain. Low 
modulus metals, B in Fig. 1, have a shallow slope, 
showing that a small stress results in a relatively 
large elastic strain. 

The limit of elasticity of metals, Fig. 1, is that 
point where the stress-strain curve deviates from a 
straight line. This point may be identified as either 
the elastic limit of stress or the elastic limit of 
strain. The elastic limit of stress usually is reported 
for engineering materials as the yield strength of 
the material. The values of vield strength on engi- 
neering materials are usually slightly higher than 
the true elastic limit of stress. The elastic limit of 


others 


stress 


strain is seldom reported as such, but an indication 
of its magnitude can be determined by dividing the 
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URING the past 50 years, engineering materials 


Strain-Elongation, In. ver En. of Length 


Fig. 1—Schematic stress-strain diagram for steel. 


elastic limit of stress of a material by its elastic 
modulus. 

High hardness, sought after to increase wear re- 
sistance, actually increases the amount of elastic 
deformation that can be tolerated by a steel. A 
much greater increase in the elastic limit of strain is 
possible by means other than increased hardness if 
the factors that influence the modulus of elasticity 
of metals are understood and applied. 

Since accurate determinations of the elastic limit 
of strain are not available for many materials, a 
convenient factor may be obtained by dividing the 
Brinell hardness of a metal by its elastic modulus 
The substitution of Brinell hardness for elastic limit 
of stress may be justified by the close relationship 
that exists between them, as illustrated by mechan- 
ical properties charts of hardened and tempered 
steels. This is further substantiated by the work of 
Tabor who states: “Hardness measurements are 
essentially a measure of the elastic limit of the ma- 
terial being examined.” 


T. L. OBERLE is Staff Metallurgist in the Research Dept. of the 
Caterpillar Tractor Co., Peoria, Ill. 
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The ratio of Brinell hardness to elastic modulus, 
multiplied by 10°, will be called Modell in this paper. 
Materials are listed in Table I in order of decreasing 
Modell. Modell gives an indication of the depth of 
penetration that a metal can tolerate without ex- 
ceeding its elastic limit. Thus, chromium plate will 
recover elastically from more than 100 times the 
amount of deformation that would cause tin to plas- 
tically yield. Gray iron and steel appear twice in 
Table I, since their Modell undergoes a three-fold 
increase on hardening. Materials of high Modell 
behave like a spring, absorbing energy and prevent- 
ing loads from building up to a high value. Rubber 
impellers in sludge pumps and rubber tires on auto- 
mobiles illustrate the use of elastic materials to pre- 
vent load buildup. 

The low Modell materials of Table I have little 
capacity for absorbing energy elastically. These 
metals have been used as bearing metals. The ready 
conformability or plastic flow of bearing materials 
permits some reshaping of the part in service to ad- 
just for inevitable misalignments. Although no 
quantitative relationship has been established, the 
greater the extent of the elastic range of a metal, 
the smaller will be the plastic range and vice versa. 

Data indicate that the surface deterioration of 


Table |. Modell Factors for Various Engineering Materials 


Con- Modell 
Material dition Ex le Bho Factor 
Alundum ( Bonded 2000 143 
Chromium plate Bright 12 1000 83 
Gray tron Hard 15 500 33 
Tungsten carbide 9 Pct Co 81 1800 22 
Steel Hard 29 600 21 
Titanium Hard 17.5 300 17 
Aluminum alloy Hard 10.5 120 11 
Gray iron As cast 15 150 10 
Structural steei Soft 30 150 5 
Malleable iron Soft 25 125 5 
Wrought iron Soft 29 100 3.5 
Chromium metal As cast 36 125 3.5 
Copper Soft 16 40 2.5 
Silver Pure 11 25 2.3 
Aluminum Pure 10 20 2.0 
Lead Pure 2 4 2.0 
Tin Pure 6 4 0.7 


high melting point materials is related to their 
Modell value. More precise data may show that sur- 
face stability is closely related to the area under the 
curve when Brinell is plotted against Modell. This 
area is closely related to the capacity of a metal sur- 
face to absorb or store elastic energy. The triangular 
(Modell x Brinell) (Brinell) 


area 1 


amount of energy that can be stored in a unit vol- 
ume of spring material equals S’/2E where S is the 
maximum allowable stress. Thus, the modulus of 
resilience or elastic energy stored per unit volume 
of material at the elastic limit may be an accurate 
indication of the stability of a metal surface in fric- 
tional apvlications. While the accuracy of data now 
available does not permit a choice between Modell 
and modulus of resilience. the simpler Modell factor 
will be used in this discussion. 

Equations for the elastic behavior of metals have 
been presented by Roark.* For a sphere in contact 
with a flat surface the relationships are given in 
Table II. The radius of contact and total deforma- 
tion increase as the elastic modulus is lowered. The 
maximum unit stress in compression between the 
two bodies is lowered by a decrease in the elastic 
modulus of the sphere, the flat, or both. These elastic 


Table Il. Relationships of a Sphere in Contact with a Flat Surface 


: 
PD / 
a: 0.721 x [ 1 J 


3 1-5 /? 
D 3 

3 


P - Aovlied Load, Lb D- Diam of Ball, In. 
a - Radius of Contact Y - Total Deformation 
J,- Poisson's Ratio for Test Specimen 

Jg- Poisson's Ratio for Ball 
S,- Unit Compressive Stress 
E,- Elastic Modulus of Test Specimen 
Ee- Elastic Modulus of Ball 


relationships indicate that the elastic modulus of a 
metal is of prime importance in determining actual 
loads on metal surfaces. On the other hand, it has 
been recognized that hardness has an influence upon 
the rate of surface deterioration of metals. As the 
Brinell hardness of a metal increases, the resistance 
to plastic yielding under load also is increased. The 
combination of low elastic modulus, which spreads 
out the load, with high Brinell hardness, to resist 
the applied load, should result in maximum possible 
resistance to surface deterioration. This suggests 
that surface stability may be related directly to 
Brinell hardness and related inversely to elastic 
modulus. This relationship, Brinell: E.M., or Modell, 
was shown to be a measure of the elastic limit of 
strain of a metal. Some materials used for cylinder 
liners are listed in Table III, with their Modell value 
and a qualitative indication of wear. 

Additional evidence shows that surface deteriora- 
tion of metallic materials is closely related to the 
elastic limit of strain of the material. The work of 
Bowden and his associates’'’” and others“ has 
shown that loads transmitted between two metals 
are: 1—Carried by an extremely small fraction of 
the surface area available; 2—that instantaneous 
temperatures between metals in contact may ap- 
proach the melting points of the metals at points of 
contact; and 3—that sliding movement between 
metals takes place in an intermittent § slip-stick 
manner that can be divided into three types depend- 
ing upon the melting points and similarity or dis- 
similarity of the two materials. 

Soft, low-melting point bearing alloys are most 
susceptible to surface welding, but because of the 
ease with which they break a welded bond by local- 
ized softening they suffer little damage due to weld- 
ing on steel. Metals of higher melting temperature 
undergo more rapid slip-stick of smaller magnitude. 
High melting point metals also are susceptible to 
seizing or welding together with the resultant 
destruction of the surface area or the entire part. 
This type of failure occurs when the temperature 


Table lil. Materials Used for Cylinder Liners 


Modell Liner 
Material Bho Ex le Factor Wear 
Alundum (Al,Os) 2000 14 143 Least 
Bright Cr plate 1000 12 83 Second 
Hard gray iron 500 15 33 Third 
Hard steel 600 29 20 Fourth 
Soft gray iron 150 15 10 Fifth 


Soft steel 180 29 6 Most 
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Fig. 2—Stress-strain curves of perforated steels.” 


and pressure of the surface of two high melting 
metals are sufficiently high to cause welding ove: 
extensive areas. The fact that some high melting 
point materials, such as ferritic iron, are highly 
prone to seize, and lower melting point material 
such as gray iron, has excellent running qualities 
indicates that some mechanical properties of metals 
related to the melting point as well as to other fac- 
tors may be extremely influential in metallic wear 
From the work of Bowden and his associates, there 
little doubt that hardness has been over- 
emphasized as a wear preventive property 

Bowden's work shows the importance of mole- 
cular cohesion and welding of metals in sliding con- 
tact as a means by which metal is lost 
from during wear. Elam” disclosed that 
when a metal is stressed within the region of per- 
fect elasticity, there is no risé in temperature. The 
high observed by Bowden on metal 
surfaces in sliding contact indicate that the metals 
were at discreet localities loaded beyond their yield 
point. The number of such localities stressed above 
the elastic limit will be decreased as the elastic limit 
of strain or the Modell is increased. There is evi- 
dence that the friction of metals in sliding contact is 
lowest for metals of high Modell 

Additional factors enter into the differences be- 
tween the three types of sliding observed by Bow- 
den. The relative melting points of the two metals 
in contact influence tendencies toward seizure, such 


can be 
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surfaces 
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1 1.85 44 6-7 19,650,000 19,200,000 
2 1.55 5.0 5 7,800,000 17,500,000 
; 2.50 10.8 4-5 16,500,000 15,100,000 
4 244 10.9 4 16,300,000 12.750,000 
5 2.92 14.0 12,750,000 9,480,000 
6 2.60 14.8 3 11,330,000 7,670,000 


Fig. 3—Stress-strain curves of gray irons.” 
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as the catastrophic failure when chromium plate is 
run against chromium plate. The failure of a metal 
to run well on similar metals probably is influenced 
by Hume-Rothery’s" atomic size factor, which could 
be responsible for the seizure or rapid wear of steels 
containing large amounts of ferrite. The thermal 
conductivity of a metal may influence the surface 
temperatures obtained during sliding under load 
Only when such factors are favorable for the pre- 
vention of wear and seizure can two materials of 
low modulus and high Modell run well together 
under heavy loads. 

Factors that cause the yield strength or hardness 
of a metal to vary have been investigated for in- 
dustrial purposes and are described so fully in lit- 
erature that no discussion is necessary. Because of 
the difficulties in measuring the elastic modulus and 
an apparent lack of a strong need for accurate elas- 
tic modulus data, the factors that influence the elas- 
tic modulus of metal surfaces are not clearly defined. 
The inherent and controllable factors influencing the 
elastic modulus of metals have been discussed by 
Mack” and Dorn and Tietz The elastic modulus 
of metals is influenced by melting temperature and 
The elastic modulus of low melting 
metals tends to be low, and the elastic modulus of 
high melting metals tends to be high. There is a 
tendency for elastic modulus to decrease as the 
atomic volume increases. 

In addition to the inherent factors determining 
the general level of elastic modulus, some metals are 
highly susceptible to variations in elastic modulus 
that may be controlled within limits during the 
fabricating, casting, or heat treating stages of manu- 
facture. Some controllable factors that may alte: 
the elastic modulus of metals are heat treatment, 
interruptions, and anisotropy. 

The influence of heat treatment upon elastic 
modulus is limited to a few nonferrous alloys. The 
aging of some age-hardenable alloys results in a 
small increase in elastic modulus. Most metals and 
alloys such as steels virtually have no change made 
in their elastic modulus by heat treatment of any 
kind 

Interruptions to metal continuity may take the 
form of cracks, gas cavities, or voids of any kind 
The graphite present in gray iron is included in 
this classification because its low modulus (700,000 
psi) apparently permits it to behave somewhat as 
though the enclosure around it is empty. The elastic 
modulus of metals decreases in direct proportion to 
the volume of spherical type voids.” Elongated inter- 
ruptions, such as flakes or cracks, decrease the elas- 
tic modulus of a metal in a direction transverse to 
the long dimension of the discontinuity. This was 
observed by Thum and Ude”™ on steel sheets in 
which were sawed various shapes of perforations, 
and confirmed by Schwartz and Junge” in their in- 
vestigation of nodular and flake graphite in irons. - 
Fig. 2, replotted from Thum and Ude’s data, shows 
the effect of increasing slot length in lowering the 
elastic modulus of steel sheet. The slotted steels 
tested by Thum and Ude show a distinct bend in the 
modulus curve similar to that of gray iron in Fig. 3. 
With a random orientation of graphite flakes in gray 
iron, the reduction in elastic modulus in all direc- 
tions is quite pronounced. 

Single crystals have a vectorial character, exhib- 
iting properties that are different in one crystallo- 
graphic direction than in another, and are said to be 
anisotropic. The study of the elastic modulus of me- 


atomic volume 


14, 
| 
4 


tallic single crystals has provided information such 
as summarized by Sayre” in Table IV. The elastic 
modulus of a single crystal of iron is 19,200,000 psi in 
a direction parallel to any one of the three major 
axes. As the direction of load is tilted away from 
these major axes, the modulus increases until a 
maximum value of 41,240,000 psi is obtained when 
the load acts along the space diagonal between the 
three axes. Polycrystalline metals, under certain 
conditions, will give up their random crystalline ar- 
rangement and assume a preferred orientation. A 
preferred orientation of crystals in a polycrystalline 
metal exists when the individual grains have their 
principal planes in parallel alignment. Metals with 
a preferred orientation exhibit many peculiarities 
associated with single crystals. 

Ruder* and Morill” have described techniques 
used to produce highly preferred (95 pct) grain ori- 
entations in iron-silicon transformer core sheets. 
Alternate rolling and heat treating produce a direc- 
tional alteration of magnetic properties sufficient to 
reduce transformer core losses to 20 pct of the losses 
with random oriented iron-silicon alloy cores. This 
is one of the rare instances where crystallographic 
orientation is controlled for industrial purposes. 

Highly preferred orientations are sometimes de- 
veloped during electrolytic plating. The brightest 


Table 1V. Young's Modulus and Shear Modulus of Cubic Metals 


Elastic Shear 
Medulus Modulus Elastic 
Struc- Ex Anisotropy 
ture (ith) (100) (100) E Gi 
Material Ev G 
Aluminum FCC 10.81 9.24 3.55 4.12 1.18 1.13 
Gold FCC 16.21 5.97 2.56 5.83 2.7 2.2 
Copper FCC 27.59 9.67 441 1095 286 2.47 
Copper, 25 Pct Au FCC 24.60 8.82 3.98 9.39 2.79 2.37 
Copper, 28 Pct Zn FCC 26.17 7.54 $55 10.38 3.5 3.0 
Iron BCC 41.24 19.20 8.68 16.78 2.15 194 
Tungsten BCC 56.89 56.89 22.04 22.04 1.00 1.00 


chromium plate deposits are produced under condi- 
tions that cause almost all of the crystals to be 
aligned with their closely packed (111) planes par- 
allel to the surface of the plate. This should result 
in a low elastic modulus when measured normal to 
the plated surface. The degree of elastic anisotropy 
of chromium single crystals could not be found in 
the literature. Bureau of Standards“ modulus deter- 
minations upon chromium plate in the highly pre- 
ferred and in the random orientation suggests that 
chromium crystal anisotropy may be quite pro- 
nounced. The special conditions that cause a highly 
preferred orientation have never been exploited to 
their fullest extent in developing materials for wear 
applications. 

Rosenberg* expressed the opinion that some types 
of wear may be related to the elastic modulus of 
materials. German and Russiar articles" have in- 
dicated the use of methods intended to extend the 
range of low modulus gray irons to high load appli- 
cations through the use of reinforced castings. The 
selection of materials for highly loaded applications 
appears to follow a trend toward high Modell ma- 
terials. There has been, however, little or no con- 
scious recognition of the vital part played by the 
elastic properties of metals on the survival of metal 
surfaces. 

Piston rings and cylinder liners are applications 
where low wear is desired in both members. The 


Table V. Comparison of Elastic Properties of Malleable and Gray Iron 


= 
Graphite 
Micro- Vol, Modell 
Material structure Pet Ex Bho Factor 
Steel Pearlite 0 29 200 6.9 
Malleable iron Pearlite 10 26 200 77 
Gray iron Pearlite 10 12 200 16.7 


use of low melting bearing alloys is precluded by 
the high temperatures, high pressures, poor lubri- 
cation, and the elasticity requirements of the rings. 
Gray iron running against gray iron or hardened 
steel has been used. In recent years, either the ring 
or liner surface have been chromium plated to re- 
duce wear of both members. 

The matrix of gray iron may be identical with 
that of a steel, but large graphite flakes in gray iron 
may reduce the elastic modulus to 1/3 that of steel. 
The elastic modulus of gray iron is not constant, but 
varies with the applied load. Rosenberg" reported 
that a gray iron with 16,000,000 elastic modulus at 
4500 psi load has only 7,500,000 elastic modulus at 
22,500 psi load. 

The success of gray iron in resisting engine wear 
is attributed by some engineers to the lubricatins 
qualities of graphite. Yet, malleable iron containing 
the same amount of graphite as gray iron cannot be 
substituted successfully for gray iron in many en- 
gine parts. Table V illustrates some real differences 
in elastic properties between malleable iron and 
gray iron that exist as a result of the shape or form 
of the graphite particle independently of the graph- 
ite volume. 

The difference in Modell values alone is sufficient 
to account for superior running qualities of gray 
iron. Gray irons containing finely dispersed graph- 
ite, dendritic, eutectiform, etc., may have elastic 
modulus values as high as malleable iron, so that 
more knowledge than just that the iron was cast 
gray is necessary to judge the suitability of the ma- 
terial for frictional applications. 

Poppinga,” Hegh,” MacKenzie,” Jominy,” Smith,” 
Lane,“ and others indicated that shape or form of 
graphite flakes in gray iron is influential in resisting 
wear or improving running qualities. Coarse, thick 
gyaphite flakes of random orientation, meeting the 
AFA designation of type A graphite, are preferred. 
Such flakes cause a greater reduction in elastic mod- 
ulus than other forms of graphite. Data obtained by 
Lane™ on the wear loss in milligrams for gray irons 
of 89 R, with different shaped graphite particles are 
shown in Table VI. 

While Lane gave no elastic modulus data for these 
irons, flake graphite iron has a substantially lower 
elastic modulus than the dendritic graphite iron, and 
therefore a higher Modell. This difference in Modell 
for irons of the same hardness indicates that varia- 


Table Vi. Wear Loss for Gray Iron 


Dendritic 
(finely 
dispersed) 
Alley Rockwell Flake Graphite, Graphite. 
Ne. B Wt Loss, Mg Wt Loss, Mg 
A 89 4 
B 89 164 26.1 
E 89 16.0 25.3 
H 89 14.0 9 
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Fig. 4—Elastic modulus of plated chromium 


tions in elastic modulus influence wear. Shuck 
reported elastic modulus, hardness, and wear on a 
number of gray irons cast in '4 to 1% in. square 
bars to produce graphite from coarse type A to fine 
eutectiform dispersion. Curves plotted from Shuck’s 
data on seven unalloyed gray irons will show: 1— 
Wear increases as hardness increases. 2—-Wear de- 
creases as modulus decreases. 3—Wear decreases as 
Modell increases 

Item No. 1 is contrary to expectation. This re- 
versal of the usual trend is the result of the sharply 
increasing modulus that occurs simultaneously with 
the hardness increase. For most materials, the elas- 
tic modulus is unchanged during hardening and its 
influence is not felt. Shuck’s data on alloyed irons 
confirm these trends. It is unfortunate that most 
other papers on metal wear do not give sufficient 
data to permit an analysis of the influence of elas- 
ticity upon wear. The data from various sources 
indicate that for wear applications, gray iron should 
be cast with coarse graphite flakes and hardened by 
heat treatment to produce maximum Modell, rather 
than to obtain high hardness in an as-cast high 
strength iron with a resultant high elastic modulus 
Nodular irons described by Morrough™ and Gagne- 
bin” have high elastic modulae like malleable irons 
because of the spherical graphite particles. Hente, 
they are limited to moderate Modell values 

Bureau of Standards” describes a technique for 
determining the elastic modulus of chromium plate 
and gives the first published data upon the elastic 
modulus of plated chromium. For current densities 
in the range of 0.5 to 4 amp per sq in. a minimum 
in elastic modulus (about 12,000,000) is obtained in 
the plating temperature range of 40° to 70°C as 
shown in Fig. 4. Information reported in 1943 by 
Hume-Rothery™ shows that bright chromium depos- 
its are obtained in the plating temperature range of 
40° to 70°C with current densities of 0.5 to 4 am}, 
per sq in. This is illustrated in Fig. 5 taken from 
Hume-Rothery’s paper. The shaded area between 
zones II and III is the region of brightest deposits 
When plating conditions were adjusted to obtain the 
brightest plate, Hume-Rothery found the greatest 
degree of perfection of the orientation of the (111) 
planes parallel to the surface of the plate. To either 
the right or the left of the shaded zone in Fig. 5 the 
perfection of alignment of the (111) 
random crystal 


planes de- 


creases and a more structure is 
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observed in zones I and IV. Wood” observed that 
the orientation of crystallographic planes of plated 
deposits is related directly to the brightness or re- 
flectivity of the deposit. Snavely” concurs with 
Hume-Rothery in finding that (111) planes are pre- 
ferredly oriented parallel to the basis metal in 
bright chromium deposits. 

Arkharov,” Hosdowich” and others presented 
data to show that minimum wear of chromium plate 
occurs when plating conditions are such as to give 
the brightest deposits. Thus, through three differ- 
ent investigations low modulus, highly preferred 
orientations, and maximum wear resistance are all 
somewhat loosely tied together by means of their 
common denominator brightness of deposited 
plate. There is a need for a single investigation 
covering the elastic modulus, brightness, and crys- 
tallographic orientation of plated chromium and 
relating these properties to the different rates of 
surface deterioration of matte, bright, and milky 
chromium deposits. 

A second cause of low modulus in chromium plate 
may be the presence of cracks developing in highly 
stressed deposits during plating. Coyle" showed the 
presence of cracks in chromium plate and Cohen’ 
and Snavely” established that a Cr.O, film fills the 
cracks that form during plating. Bureau of Stand- 
ards data“ show that the elastic modulus of plated 
chromium is raised almost as high as wrought 
chromium (36,000,000) by heating to 1200°C. Un- 
less a Cr.O, filled crack can heal over and produce 
solid metal, it appears likely that the preferred ori- 
entation of plated chromium is primarily responsi- 
ble for its low elastic modulus and superior wear 
qualities. 

Outstanding wear results have been observed 
with the use of some materials normally consid- 
ered abrasive. Milligan” reported wear data on sur- 
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Fig. S—Influence of current density and plating temperature 
upon type of deposited chromium 
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face plates as shown in Table VII. These data show 
that all surface plates are worn less by a low modu- 
lus gray iron than by a hardened steel and that the 
low modulus gray iron itself wears less than hard- 
ened steel. Also, the data show that high Modell 
surface plates resist wearing much more than low 
Modell materials. 

Tests conducted in the Caterpillar Research Lab- 
oratory have shown Alundum to possess excellent 
wear resistance. Many powder metallurgy products 
combining metals and ceramics have excellent fu- 
ture possibilities for wear and frictional applica- 
tions. Powder metallurgy techniques may permit 
the combining of hard particles with a suitable 
binder to yield an aggregate of low elastic modulus. 

Bowden has shown that metals with low melting 
points up to 787°F smear during sliding on steel 
without damaging the steel. High melting metals 
with melting points down to 1761°F exhibited type 
I sliding by grooving the steel. Aluminum marked 
the transition point between low and high melting 
metals by sometimes exhibiting type I and some- 
times type IT sliding on steel. Most successful bear- 
ings contain a low melting constituent or overlay, 
like lead or tin which, at bearing temperature and 


Table Vil. Wear Data on Surface Plates 


Surface Plate Wear, In. per 100 Days 


Surface Plate Material Cast Iron Slider Hard Steel Slider 


SiC (Carborundum) 0.00005 0.000075 
Alo. 0.00005 0.000075 
Granite 0.0020 0.0050 
Cast Lron 0.0070 0.0210 


Slider Wear, In. per 100 Days 
Cast Iron Slider Hard Steel Slider 


sic 0.0005 0.0015 
Al,O. 0.0004 0.0015 
Granite 0.0004 0.0050 
Cast Iron 0.0050 0.0060 


pressures, reach an incipient liquid state. Needless 
to say, the elastic modulus of liquids is quite low. 

One requirement of a cutting tool is to produce 
sufficient load to exceed the elastic limit of the 
workpiece without endangering the tool. The elas- 
tic relationship in Fig. 6 indicates that this can be 
accomplished by a high-modulus, high-Brinell ma- 
terial. Curve A of Fig. 6 is probably typical of all 
good cutting tools like diamond, tungsten carbide, 
and tool steels loaded with alloy carbides. The high 
Modell value of tungsten carbide, item 22 as in Table 
I, has a somewhat different significance than a high 
Modell value of low modulus materials. Because 
usual loads on a tungsten carbide cutting tool are 
much smaller than the material can stand, only a 
small part of the possible elastic deformation is 
used. The unused portion of the elastic region of 
the stress-strain curve represents reserve capacity 
of the tool which insures long cutting life. 

Gray iron at Bhn 300, steel at Bhn 609, and 
tungsten carbide at Bhn 1800 all have a Modell 
value of about 22. Since the stress upon gray iron 
at its elastic limit is less than the load that steel 
or tungsten carbide can carry, gray iron can be 
deformed (machined) by tool steel or tungsten car- 
bide with little damage to the tool. This indicates 
a need for similar modulae for two metals running 
against each other when low wear is desired for 
both materials. 


Fig. 6—Schematic stress-strain diagram for cutting tool and 
machineable materials. 


As a general rule, the difficulties of machining 
increase with the hardness of the work. However, 
if the hardness value is to be kept low for easy ma- 
chining, the Modell value or wear resistance may 
be increased by lowering the elastic modulus of the 
material. Low modulus improves resistance to 
wear and at the same time may even improve ma- 
chineability. High Modell materials, if gray iron is 
any criterion, machine more readily than low 
Modell materials of the same hardness. A consider- 
able economic advantage would result from devel- 
oping wear resistant materials of low hardness. In 
gray iron, this would involve some degree of con- 
trol of graphite flake size and orientation. When 
methods of producing extremely low modulus gray 
irons are developed, running qualities and wear 
resistance should be improved. Maximum wear re- 
sistance will result if some of the graphite flakes 
near the surface can be aligned parallel to the 
loaded surface. 

Fretting corrosion or false Brinelling of metals in 
contact under load, while subject to vibrational 
forces, may be improved by the use of low modulus 
materials. Both Tomlinson“ and Albert" suggest 
that fretting is related to the molecular properties 
of metal, as are elasticity, friction, etc., and not to 
hardness or structural properties. Tomlinson“ pro- 
posed a molecular theory of friction in which the 
elastic modulus of metals is closely related to fric- 
tion High damping capacity that accompanies low 
elastic modulus may function to minimize fretting 
of metals. The use of materials such as AI.O, also 
may assist in eliminating fretting from both the 
standpoint of elasticity and surface oxidation re- 
sistance. 

Many diesel engine parts will run for more than 
20,000 hr when the engine is supplied with clean 
fuel, oil and air. Increasing amounts of dust and 
dirt accelerate wear so rapidly as to completely 
wear out those same parts in less than 100 hr. The 
influence of the amount of grit upon the tendency to 
gall was shown by Dayton.“ 

Foreign particles may cause many areas of plastic 
flow when the loads transmitted between the sur- 
faces would generally otherwise be within their 
elastic limit. The amount of elastic deformation that 
the surfaces of metals of different Modell can un- 
dergo is shown graphically in Fig. 7. For particles 
of foreign matter smaller in diameter than A in 


JUNE 1951, JOURNAL OF METALS—439E 


Max. Stress wi 
Strain 
Po 
ye 
a 


Cen Elasticelly Defors 


Fig. 7—Relative amounts of elastic deflection of surface metal 
possible for hardened steel and chromium plate 


Fig. 7, the large elastic yielding of high Modell 
chromium plate should result in a low wear rate 
for both surfaces. Particles coarser than A _ will 
cause the most wear on the material of lower yield 
trength. The elastic cushion provided by low 
Modell materials helps minimize wear only as long 
as the foreign particles do not exceed a critical size, 
which is dependent upon the elastic give of the 
metal surfaces, the load, and the minimum clearance 
between the surfaces 

Many laboratory tests have been developed to 
evaluate metals for resistance to wear. To produce 
measurable wear quickly, abrasives such as AI.O, 
and SiC are used in laboratory wear test machines 
These abrasive particles differ in hardness, elastic 
modulus, and possibly in particle size from the dust 
and dirt particles to which the_metals will be ex- 
during service. For these, and _ possibly 
many other reasons, wear experts advise extreme 
caution in applying the results of accelerated lab- 
oratory tests to actual engineering problems. 

The subject of surface finish has figured promi- 
nently in discussions of surface deterioration. Tom- 
linson” and Albert” have shown that smooth sur- 
faces favor fretting of metals. Bowden's associates 
have shown that the actual area of contact is inde- 
pendent of surface roughness. From theoretical con- 
iderations, it would appear that moderate varia- 
tions in surface finish are not important except 
possibly in the case of soft bearings running against 
a rough file-like shaft. In the past, considerable 
existed on the subject of smooth vs 
rough surfaces. Swigert,” Wallace” and others re- 
ported that smooth surfaces resist wear and fretting 
better than rough surfaces. M. O. Teetor”™ conducted 
tests to show that the load carrying capacity of sur- 
faces was increased by various degrees of surface 
roughening up to 0.030 in. deep grooves. Interrupted 
surfaces now are mechanically or chemically applied 
to many highly loaded parts to facilitate break-in 
and improve running qualities. Such interruptions 
probably lower the elastic modulus of the metal 
surface. This protection usually is only temporary, 
since the surface wears smooth in time. Gray iron, 
however, with built-in interruptions permanently 
retains its as-new running qualities 

Brinell developed an indentation hardness test 
that measures elastic limit of the material tested 
Meyer,” Mahin™ and others have worked toward an 


posed 


controversy 


indentation test that would measure absolute hard- 
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ness or the hardness without cold working of the 
metal to influence the test results. Innes,“ Esnault- 
Pelterie,” Auerbach” and others have attempted to 
develop a simplified method of measuring Hertzian 
hardness. Hertz defined hardness as the pressure 
at the center of the surface of contact at the moment 
when permanent deformation begins to take place 
Williams” quotes a report of the Institution of 
Mechanical Engineers on the measurement of 
Hertzian hardness as follows: “Unfortunately, the 
elastic limit of most engineering materials is not 
very definite, and the measurement of the small 
contact area is difficult, so that the method cannot 
be used as a general test despite its rational basis.” 

Rosenberg’ used a spherical indenter on a plane 
surface to measure the elastic modulus of a metal 
with the aid of equations for elasticity developed 
by a Russian mathematician named _ Bussinesk. 
Bussinesk’s equations of elasticity are identical with 
those of Timoshenko. It is possible that intensive 
development work based upon Timoshenko’s equa- 
tions and the use of a spherical diamond indenter 
will provide a satisfactory tool for measuring the 
elastic modulus of metal surfaces. The principal 
barrier to success has been the difficulty of sharply 
outlining the area of elastic contact between the 
sphere and the plane. The methods of outlining the 
elastic contact area used by Esnault-Pelterie and 
Rosenberg have vielded results in the Caterpillar 
Tractor Co. Research Laboratory, which approach 
the required accuracy. A practical measuring tool 
using a diamond sphere in contact with a flat pol- 
ished surface of the test material is now undet 
development. The measurement of elastic contact 
area approximately 0.015 in. diam within about 
0.00003 in. is necessary to give the elastic modulus 
accurately to about 1,000,000 psi. An improved 
practical method of sharply outlining the elastic 
contact area to give consistently reproducible results 
on all materials would establish this device as a new 
and useful test machine. 

The Martens and Huggensburger methods of 
measuring the elastic modulus of metals in tension 
are accurate, but slow and expensive when com- 
pared with an indentation type of test. There are 
other reasons for favoring an indentation type of 
test. Tomlinson” and Rosenberg’ uncovered ex- 
perimental evidence of abnormal elasticity of metal 
surfaces. Tomlinson observed that metals appear 
to exhibit about eight times their normal elasticity 
in the extreme surface layers. Rosenberg found evi- 
dence to suggest that metal surfaces may deflect 
more than expected at very low load levels. A 
tension-type test that averages surface and center 
modulae will not be satisfactory to explore the 
possibilities of abnormal elasticity of metal surfaces 
The points of dissimilarity in test results between 
scratch (Mohs) hardness and indentation hardness 
also suggest that the secret of resistance to wear is 
tied up in the as yet unexplored and inaccessible 
elastic properties of metal surfaces 

Evidence shows that wear of an engineering ma- 
terial is closely related to the elastic limit of strain 
of the material. A practical measure of the elastic 
limit of strain of materials is the Brinell hardness 
multiplied by 10° divided by the Elastic Modulus 
This relationship has been called Modell. The 
Modell of materials is thought to be significant in 
many engineering applications where surface de- 
terioration is encountered. 

Higher Modell values can be obtained by increas- 
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ing the hardness or by decreasing the elastic modu- 
lus of a material or both. Since methods of increas- 
ing hardness have been well explored, greatest gains 
appear in the direction of lowering the elastic 
modulus of materials. The introduction of interrup- 
tions to the continuity of a material and the control 
of crystal orientations to produce low surface modu- 
lus in the proper direction are the two most likely 
means of altering elastic modulus to create high 
Modell materials for the future. Research directed 
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Copper and Brass 


by W. W. COTTER, Sr. 


LEXANDER DICK of London, England, is given 

credit for being first in the extrusion of brass, 
but it took many years of experience with this revo- 
thought before engineering could provide 
equipment capable of transforming any and all 
plastic metals. Dick, of the Delta Metal Co. in Lon- 
don, aside from brass making, was a producer of 
lead pipe products in 1895. When a 
mixture of 60 pet copper and 40 pct zinc was at- 
tempted by Dick at its proper plasticity, it required 
f about 50,000 psi, with a cherry red 


lutionary 


and coated 


au ram pressure 
heat to move it 

About 1895 the Delta Metal Co. developed a sim- 
ple 500-ton hydraulic press, a horizontal rod type 
powered by a direct head unit (multiple plunger 
pump). About 1897, Mr. Charles F. Brooker, then 
president of the Coe Brass Mfg. Co. of Torrington 
and Ansonia, Conn., while visiting in England, saw 
the attempts at extrusion and arranged the 
purchase of a duplicate This 
econd extruder was delivered and in experimental 
operation in 1900. By 1905 the commercial extru- 
ion of leaded screw-machine brass rods and shapes 
was established 
ceded the costly 


castings to base sizes of rod 


brass 


of the original press 


This early accomplishment super- 
practice of 15 pass cold rolling of 
To extend the field of operations to richer copper 
mixtures it to construct much more 
powerful extruders and pumps, and to improve the 
heating of cast billets. Initially soft coal was used 
then oil. Today, gas with controlled at- 
mospheres to prevent oxidation gives best results 
From 1905 to about 1915 several rod extruders 
were under development in eastern and Naugatuck 


Was necessary 


for fuel, 


Valley mill Press capacities increased from th« 
initial 500 tons to an average of about 2000 tons 
This meant that where 5 and 6 in. diam billets 


netted 100 lb per cycle with a 500-ton extruder, 250 


to 350 lb could be realized from 7 to 8 in. diam 
billets when using the average 2000-ton press. With 
the development of larger presses came better pro- 


with 


never more than 1:3 
outlets, 


portioned billets ratios of diameter to length 
Also multiple hole dies (three 


triangularly arranged), proved most bene- 
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Fig. I—Loewy 2400-ton hy- 
draulic extrusion press. 


ficial to uniform flow and life of 12 to 18 pct tung- 
sten steel die blanks. Scalping of billets during ex- 
trusion also developed in the early years. This 
consisted of using pressure disks, commonly known 
as dummies, of a smaller diameter than the con- 
tainer bore, resulting in temporarily freezing the 
shell or skin of the cast billet against the container 
liner. By so doing much of the piping or coring 
tendencies were minimized and the life of dummies 
increased. Preforging of billets in the container 
prior to extrusion was likewise a deterrent to piping 
and a means of densifying heated metal and unify- 
ing grain size. 

This experimental period covered practically all 
of the malleable alloys of copper, over the range of 
heats for plasticity of 1400° to 1800°F. Modern rod 
extruders in brass mills having capacities from 1500 
to 4000 tons and operating on rod or strip base ma- 
terials can average, on common sizes and at lower 
temperatures, from 20 to 50 cycles or pushes per 
hr, netting roughly from 5000 to 25,000 Ib hourly. 
Press or extrusion scrap can be held between 10 
and 25 pct with the employment of modern and 
amply powered equipment. Today, a 4000-ton ex- 
truder applied exclusively to commercial brass can 
accommodate billets from 10 to 16 in. diam and 30 
to 36 in. long and deliver bars or coils up to 2000 Ib 
in weight. As much as 35,000 lb per hr can be pro- 
duced and extrusion scrap is below 10 pct 

Extruded materials intelligently processed are of 
high quality, and develop fine, short-grained, manu- 
factured products. This is because of the absence of 
oxide inclusions or seams, spills, and directional 
properties more common to base and finished goods 
obtained from the rolling of castings. For example, 
it is a rarity to find a cracked rivet or bolt head 
coming from extruded base stock, or any sign of 


earing in the drawing of cups from extruded strip. 

Simplification of seamless tube manufacture was 
in the mind of every brass mill executive, and as 
early as 1910 to 1915, several unsuccessful attempts 
had been made to construct double-actioned presses 

W. W. COTTER, SR. is associated with the Bridgeport Brass Co., 
Bridgeport, Conn 
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or extruders which would deliver concentric base 
tube shells. Eccentricity in tube sections (disparity 
in wall dimensions) has rightfully been named the 
“curse” of the tube business. 

European engineers at that time appeared to have 
a better understanding of hydraulics and tube-mak- 
ing needs, and were offering vertical 600 to 1200 ton 
as well as larger 2750 ton horizontal Universal type 
presses. While these were investigated, World War 
I broke out and it was not until about 1925 that the 
brass industry ordered its first Universal extruder 
from Germany. The press was under the name of 
Schloemann, and was a 1500-ton horizontal. 

The Loewy Brothers, one-time exponents of the 
Schloemann Engineering Co., Duesseldorf, and their 
staff of engineers completely redesigned and set up 
the standards for the entire line of modern extruders 
during the late 1930’s. Fig. 1 is a 2400-ton hydraulic 
Loewy extrusion press for tubes. 

To appreciate the value of the extrusion process, 
it should be mentioned that in 1895 the common 
source of I.P.S. brass tubing for plumbing was sand- 
cored tubular castings in approximately 4 in. OD, 
1% in. wall thickness, and 4 to 6 ft long. This cast 
material being subjected to 10 or 12 push-bench and 
draw-bench reductions and as many between an- 
neals and cleanings could cause the average trip 
through the mill to consume 10 days to two weeks 
time. Today, by extrusion, common high brass tube 
shells 2x3/16 in. and 30 to 50 ft long capable of 
being finished in one or two cold operations (usually 
cold drawing) can be completely processed in 2 or 
3 days. Some classes of brass are incapable of being 
hot worked by the Mannesman piercing and rolling 
method, by which copper billets 3 in. diam and 4 ft 
long can be converted into tube shells 3 in. OD, 4 
to 5/16 in. walls and 10 to 12 ft long in one opera- 
tion and on a time cycle comparable to extrusion. 

As general information to prospective users of 
Universal extruders on average brass to copper base 
tube shells, a 2250-ton Loewy is capable of 2,000,000 
ib monthly. This is on a double 10-hr shift consum- 
ing 57,539 man hr: 


Man Hr per 1000 Lb 2.7 
Lb per Man Hr 377.0 
Lb per Machine Hr 4070.0 
Pct of Machine Scrap 20 or less 


(including shells cut to weight and length) 


For miscellaneous classes of mill work, a Universal 
extruder of a horizontal type and around 3000-ton 
capacity would be suitable. 

With such a choice should go a suitable power 
plant (pumps and accumulators of the air bottle 


type); and a well engineered billet heater that is 
gas fired and equipped with burners to control at- 
mospheres anywhere from neutral to reducing. This 
heater specification is most important when con- 
templating extrusion of any metal susceptible to 
and damaged by oxidation (copper and alloys, 
nickel and alloys, steels all classes). 

Vertical extruders have a natural centering advan- 
tage when producing short tubes, and demand a 
little less labor, but they have several disadvantages. 
Primarily, verticals are satisfactory only in capac- 
ities of less than 1000 tons. Maintenance is difficult 
when heavier hydraulic extrusion presses are put 
on end because of the limited area of foundations 
and support. Larger extruders on end demand con- 
siderable head room, and interfere with crane 
operation and service to the press. 

Verticals applied to tube extrusion are limited to 
short lengths of products; all of which must be 
delivered vertically to a pit or the floor below and 
around a corner or 90° angle. On the other hand a 
horizontal extruder with an overall length of 40 to 
50 ft is constructed on substantial foundations and 
supplied with bearing plates and adjustments in- 
cluding takeups for simplified maintenance. Any 
experienced operator can obtain just as good con- 
centricity in tube products with a properly designed 
horizontal as with a similarly constructed vertical. 
If a Universal or double-actioned press is regularly 
employed as a general utility extruder (straight or 
coiled rods, base strip, and tube shells) and a goodly 
portion of its schedule is occupied on solid sections, 
a thorough mechanical checkup is highly essential 
before switching to tube production. Adjustments 
and replacements should be made at that time of 
features governing the concentricity of tube shells. 

Fig. 2 represents a sectionalized view of a Loewy 
standard double-actioned tube extruder of the Uni- 
versal horizontal type. The only difference between 
the double-action machine and the single-action 
machine is the elimination of the piercing cylinder 
and plunger, and the use of a solid ram instead of 
the hollow ram shown, through which the piercing 
mandrel operates. Water for hydraulic pressure is 
supplied usually by a pump and accumulator sys- 
tem at pressures from 3000 to 5000 psi. Also a low- 
pressure prefilling system is generally used for idle 
stroking of the ram, in order to conserve high- 
pressure water. Fig. 3 is a diagram of extrusion dies. 

Clark and Cotter’ gave average results of a num- 
ber of tests made during commercial operation, 
mainly on a 2200 to 2750-ton tube press used to 
extrude rod. As it was necessary to throttle con- 
nections to gages to protect the Bourdon tubes, the 
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Fig. 2—Diagram of a “Universal” 


type tube extrusion press. 
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Fig. 3—Extrusion dies of copper-base alloy: ‘a! tube, ‘b! rod 


pressures recorded were subject to slight error 
There are so many other variables in the operation, 
such as length of time between the withdrawal of 
the billet from the furnace and the application of 
pressure in the extrusion container, copper content, 
container temperature, die temperature, and dummy 
temperature, close uniformity in readings taken 
from successive extrusions cannot be expected 

The pressures recorded varied as much as 10 pet 
above or below the average given in the table, and 
when it is noted that 25° variation in cartridge brass 
would result in 10 pet apparent resistance to def- 
ormation, this is not surprising. In screw machine 
rod, variation in copper content of 1.5 pct will show 
about 10 pct variation in resistance at a given 
temperature 

In most modern machines, extrusion speed is 
controlled by the main operating valve and an ad- 
justable throttle valve. The latter can be set to 
control roughly the extrusion speed. In commercial 
practice, it is necessary to complete extrusion with 
sufficient rapidity to prevent excessive temperature 
drop in the billet through transfer of heat through 
the dummy, container liner, and die face. Fre- 
quently the operator sets the throttle valve at a pre- 
determined opening, and opens the main valve wide 
when extrusion starts. If the billet is a little hotter 
or its copper content a little lower than usual, ex- 
trusion will be more rapid until there is a baiance 
between pressure and extrusion speed. The pres- 
ure drops because of the speed of flow through the 
throttle valve to the main plunger. The experienced 
operator soon can determine the best billet tempera- 
ture and speed of extrusion for any given billet 


analysis, length, and die area, and will vary these 


Fig. 4—Hot billet in front of container before extrusion 
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somewhat, depending upon whether he is starting 
up in the morning with a cold container liner or 
running under normal operating conditions. Fig. 4 
shows the hot billet in front of the container before 
extrusion. 

Multiple-hole extrusion is resorted to where the 
(D/d)* and (L/D) are too large to permit successful 
extrusion of a single small section. The pressure 
required in multiple extrusion is somewhat greate! 
than with a single hole of area equal to those of the 
multiple dies, because of greater surface area of the 
multiple dies, but not in proportion to the benefit 
derived from the reduction of pressure caused by 
reducing log. (D/d)* to log. (D/2d)* or log. (D/3d) 

Clark and Cotter’ also gave data obtained from 
the tube extrusion of four different alloys. Ad- 
miralty metal has resistance to hot-working com- 
parable to the 69 Cu-31 Zn mixture used in rods 
This tube extrusion shows a slightly higher mini- 
mum extrusion pressure than in average rod extru- 
sion, and a somewhat lower maximum, the latter 
because the billet length is less in all cases than in 
rod extrusion. 

It is to be expected that the basic pressure in tube 
extrusion would be slightly higher because of the 
increase in chilling of the billet by the piercing 
mandrel and the increased frictional resistance 
caused by the mandrel surface during extrusion. 

Also, the speeds were somewhat greater in the 
tube extrusion than in that of the rod. It is de- 
sirable to extrude tubing faster than rod to keep 
the contact time between the piercing mandrel and 
the billet as short as possible so that the mandrel 
will not heat sufficiently to reduce its tensile strength. 

The piercing mandrels are made from chromium- 
tungsten or chromium-tungsten-molybdenum steel 
with the two latter elements kept sufficiently low 
to prevent cracking when water is applied for 
cooling between extrusions. When alloys require 
higher extrusion temperatures or longer contact 
with the heated billet, it may be necessary to use 
mandrels with higher tungsten and chromium con- 
tent, and oil cooling may be necessary between ex- 
trusions. This is particularly true in vertical ex- 
trusion in which small billets and small-diameter 
mandrels, from 1 to 142 in. are used in the extru- 
sion of small-size tubing 

In the early days of extrusion, grades of steel for 
tools interposed a limit on the copper content of 
alloys that could be extruded, and the operation 
was confined to the Muntz metal group containing 
from 56 to 61 pct copper. As alloy steels were de- 
veloped and heat treatments perfected, it became 
possible to extrude alloys having greater resistance 
to hot-working, until today it is possible to utilize 
pressures in extrusion of more than 100,000 psi of 
ram pressure. With the harder alloys, greater care 
must be taken in the entire operation. Hot-working 
tools for handling higher temperatures and pressures 
are subject to cracking if local stresses of too great 
magnitude are introduced by sudden application of 
heat when in the cold state or too rapid chilling 
when hot. Therefore, these tools must be slowly 
preheated and maintained at a suitable temperature 
at all times during their use. Preheating also limits 
the amount of heat absorbed from the billet and 
prevents lowering billet temperature during ex- 
trusion to the point where the pressure of the main 
ram is insufficient to complete the operation 
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HE functioning of a blast furnace is undoubtedly 

one of industry's most complicated metallurgical 
processes. It is made so by the extremely large num- 
ber of variables attendant upon the operation; vari- 
ables in the burden materials, in construction of the 
furnace and its auxiliary equipment and the opera- 
tor’s manipulation thereof, and in the product and 
byproducts of the process. Recent trends toward 
larger furnaces, steel plant demands for higher 
quality product, and gradual changes of quality in 
raw materials, with the resultant working of an in- 
creasing amount of both less desirable deposits as 
well as new deposits, have increased the problems 
of the operators by adding still other new variables. 
A classic example is the complications resulting from 
the use of ores bearing titanium oxide. 

The furnace operator has been aided by the re- 
search experimenter either in the laboratory or on 
the job. Orthodox methods of research into the sit- 
uations involving several variables have usually 
been to hold all variables constant but one, and to 
study effects of controlling variations for that one 
variable. Unfortunately, this often does not work too 
well for the blast furnace because of the extensive 
number of variables involved. Not only do these 
numerous variables have variations, but their in- 
numerable combinations have variations and it be- 
comes an insuperable job to control them laboratory- 
wise. For this reason the modern experimenter has 
been driven to the furnace and the furnace thus be- 
comes its own laboratory. This is all to the good, 
because, while a laboratory technician, an experi- 
menter, and even occasionally an operator can be 
fooled, a blast furnace cannot. Frequently, in the 
actual operation of a furnace when some one vari- 
able changes, the operator makes compensating 
changes, and thus destroys the anticipated effect of 
relationships. The operator is charged with smooth 
and economical operations. If the furnace is operat- 
ing satisfactorily, he is loath to make changes; if it 
is sick, he wants to restore normal operations as 
quickly as possible. In all this he is guided by ex- 
perience and know-how developed from his own 
operations and those of others. Human nature being 
what it is, the operator is sure to remember the 
things that worked but is prone to forget the times 
when that same corrective action failed to produce 
anticipated results. 

In the study of blast furnace operations, true in- 
terest lies in the cause and effect relationships. The 
operator wants to know how to control variables so 
as to produce a desired effect or result. It is un- 
fortunate that a study of a selected relationship 
within a complex system of inter-relationships, such 


D. S. LECKIE is Quality Control Engineer, Republic Steel Corp., 
Cleveland. This paper was presented at the Blast Furnace, Coke 
Oven, and Raw Materials Conference, Cleveland, Apr. 2 to 4, 1951. 


Statistical Analysis 
of Blast Furnace Production Data 
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as in the blast furnace, can easily lead to incorrect 
and misleading conclusions. This is because the rela- 
tionship studied is only the apparent and not the 
true relationship. The human mind simply cannot 
store up all the complexities of this operating sys- 
tem, nor can it separate unaided the cause and effect 
relationships from those which are purely fortuitous. 

The problem is one of analyzing the data produced 
by the operation; data such as is customarily tabu- 
lated daily, hourly, or otherwise. Two well known 
though perhaps not widely used statistical tech- 
niques designed specifically to assist in evaluating 
such a complex process are called Analysis of Vari- 
ance and Multiple Correlation. While they have 
assets of extensive value, they also have liabilities. 
Not the least of these liabilities is the extreme pon- 
derousness of the arithmetic involved. Because of 
this fact, plus the lack of trained personnel and the 
lack of competent interpretation of results, accept- 
ance of the use of these techniques has been slow. 
Fortunately, the burden of this initial factor recently 
has been lightened by the design and construction 
of certain calculating equipment. 

As a prelude to a correlation analysis of blast fur- 
nace data the routine recorded data on daily opera- 
tions of a specific furnace were accumulated on 
special tabulation forms. This included daily data on 
burden materials, certain operating variables, pro- 
duction, iron and slag analyses, etc., and covered an 
operating period of the first three months in 1949. 
Purely from a standpoint of mechanical mathematics 
all the recognized variables on which data were 
accumulated could not be used. Because of the un- 
reliability of data from any one day, three-day 
averages were calculated. This has been found the 
best method for keeping the erratic individual values 
from unduly affecting these studies. These averages 
were then arranged in columns, suitably coded for 
easier manipulation. 

Modern mechanics comes into the picture in the 
form of International Business Machines equipment, 
the use of which is becoming more and more familiar. 
Data were punched into tabulating cards and suit- 
ably treated for the determination of several key 
values, such as the sums of each column of data, the 
sums of the squares of each individual value in each 
given column, and the sums of the products of ‘he 
values in each column and its corresponding value 
in each of the other columns. For the problem at 
hand, such computations would require about six 
days for an experienced operator to perform on the 
conventional calculating machine. The work can be 
done on I. B. M. equipment in 6 hr or less. 

Following some supplementary computations, with 
which work is also much reduced by the use of fully 
automatic calculating machines, the major job is 
ready for calculation; this is the solution of a series of 
simultaneous equations, one such equation for each 
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variable selected for study. This is another tedious 
mathematical job and would require four or five 
days to complete on conventional calculators. Use 
was made of the Consolidated Computer, a highly 
complex electrical machine designed for just such 
work, and the work load was reduced to 3 or 4 hr. 

The result of this calculation is a series of num- 
bers of four digits each, one such number for each 
of the variables in the problem. These numbers are 
used to express the relationships existing between 
the several variables selected as causes and the one 
selected as effect. Some supplementary calculating 
machine work developed other pertinent factors of 
vital interest to the practical interpretations. This 
step is fundamental and has been the major cause 
for the doubt and suspicion which operators have 
experienced as a result of this type of analysis. It 
must be remembered that the statistician can inter- 
pret only mathematical factors; the skill of someone 
well versed in the operation being analyzed must be 
combined with that of the statistician if a sensible 
and practical interpretation is to result. Unless the 
interpretation makes sense to the operator, he is 
naturally skeptical and derisive 

Every blast furnace operator is interested in any- 
thing that lies within his control which will increase 
production or decrease coke rates. One factor that 
was of vital interest was the effect of varying top 
pressures on these two items. The burden consisted 
of five or six different ores, 25 to 30 pct sinter, 5 to 
10 pet scale, about 5 pet openhearth slag and 2 to 3 
pet scrap. Wind rates were from 56,000 to 65,000 cfm 
(averaging about 63,000), top pressures ran from 
about 4 to 10 Ib, and daily production ranged from 
860 to 1,150 tons of basic iron. This last is quite a 
variation and the question of cause arises 

The first important information from the calcu- 
lation is that of all the variation that existed in the 
production, from day to day, 72 pet has been ac- 
counted for by the variables that were selected for 
inclusion in the study. It has been mentioned that 
inclusion of all known variables was impossible; 
those believed to be most important in affecting pro- 
duction were selected. What was the specific net 
effect of varying top pressure, alone and by itself, 
on production? The answer, from the analysis, was 
that production increased from its average value of 
985 tons per day, for each increase of 1 lb of top 
pressure above the average value of Tle lb Decreas- 
ing top pressure caused a like decrease in produc- 
tion. Similarly, the coke rate decreased 48 lb per 
ton of iron from its average value of 1685 Ib for each 
increase of 1 lb of top pressure above the average 
value of 7's Ib. On the other hand, as top pressure 
decreased, coke rates increased by a like amount 

The conventional and much simplified method of 
studying these relationships would be merely to 
compare, for example, coke rate data with corres- 
ponding top pressure data. A little thought will show 
that such a method of analysis is almost futile. There 
are many other factors at work concurrently with 
top pressure which importantly affect coke rates. 
Each of these factors may, and usually does, vary at 
the same time that the top pressure is varying. It 
could be a false assumption to say that an increase 
in coke rate accompanied by a decrease in top pres- 
sure was caused by that decrease. As a matter of 
record the simple relationship, or correlation, of top 
pressure and coke rate data showed a decrease of 
but 9 Ib in coke rate for each 1 Ib increase in 
top pressure. The multiple correlation method gives 
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the true value of this relationship; a 48-lb decrease 
in coke rate tor each 1-ib increase in top pressure. 

Herein lies the chief value of the multiple corre- 
lation, where several factors, all of which might 
have an effect on coke rate, are considered simul- 
taneously. It is then possible by mathematics to 
evaluate the true effect exerted by any one of the 
variables, independent of simultaneous variations in 
any or all of the others, on coke rate. Thus the inter- 
reactions, of which a fantastic number are involved 
in blast furnace operations, are eliminated from the 
conclusions and interpretations. It must be stressed 
that any conclusions from such a multiple correla- 
tion are valid only over the range of the data an- 
alyzed; extrapolation into other areas is hazardous. 

Additional evidence is provided from the calcula- 
tions as to the degree of confidence that can be had 
in the results. For example, there is a 98 pct assur- 
ance that an increase in production of from 12 to 26 
tons of iron per day, with a probable value of 19 tons 
per day, resulted from an increase of each pound of 
top pressure throughout the range of 4 to 10 1b, and 
this effective increase in tonnage is totally irrespec- 
tive of any other factors which also exerted their 
effects upon tonnage. This range of error within 
which the prediction may lie, and the degree of 
confidence that can be had in such prediction, are 
powerful tools. 

There are three separate and distinct phases, and 
hence problems, associated with such studies. First 
is the selection and suitable tabulation of the data 
(and here a word of caution is in order with respect 
to obtaining factual data). Second is the system- 
atizing and streamlining of the calculations. Third 
is the interpretation of results. It is possible, with 
the aid of I. B. M. equipment, fully automatic cal- 
culating machines and the Consolidated Computer, 
to systematize this entire operation and thus solve 
a large number of continuing problems that, until 
recently, could not be begun because of the incom- 
prehensible volume of work entailed. 

These new tools can be adapted readily to a 
multiple furnace shop or a multiple plant organ- 
ization. Prepared data sheets will be filled in daily 
by blast furnace clerical personnel, or existing re- 
corded data, as selected, may be utilized. Data will 
then be transferred to I. B. M. punched cards and 
filed. When a particular survey area or period is 
selected, the appropriate punched cards will be 
processed, according to routine instructions, by the 
I. B. M. service department. These results will then 
go to the statistical department where the correla- 
tion coefficients are computed on automatic calcu- 
lators, the equations set up and solved by the Con- 
solidated Computer and the supplemental index 
figures calculated. A joint session between statistical 
and operating departments then follows for inter- 
pretation. All of this can be accomplished in 3 or 4 
days’ for even the complicated problems; the simpler 
ones will require much less. 

It must be emphasized that by no possible stretch 
of the imagination can mechanized mathematics re- 
place the experience, skill and know-how of the 
operator; let no operator have the least apprehen- 
sion and let no statistician have illusions of grandeur. 
Many of the large crude oil cracking operations are 
materially aided by almost hourly analyses of opera- 
tions data by the methods and systems described. 
Sets of constants are developed and deviations there- 
from, when analyzed, indicate the corrective action. 
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This paper describes a process operated for two years at the Besshi 

mine and smelter on extremely low grade (0.1 pct Co) pyrite con- 

centrates obtained from copper ore. The steps in the process were 

roasting, leaching, precipitation, reduction fusion to crude cobalt, 
and finally refining by electrolysis to 99+ pct. 


OBALT ore deposits in Japan are all small and 
of poor grade. In the past, a small amount of 

cobalt has been produced from the best portions of 
a few of these deposits, and very little production is 
expected in the future. In addition to these lean 
cobalt ores, cobalt is present in the cupriferous 
pyrite which is fairly abundant although of low 
grade, as is shown in Table I. Considerable cobalt is 
expected from these deposits because of their extent. 

Cobalt cannot be exclusively recovered econom- 
ically from ore of this type; however, if means could 
be devised to recover it as a byproduct of copper 
production, a fairly large production at reasonable 
cost could be expected from Japanese sources. It was 
along this line that the research work was done. 

Selection of Suitable Process 

The process for extracting cobalt differs from ore 
to ore according to their composition. The difficulty 
in cobalt metallurgy arises from the fact that chem- 
ically cobalt resembles many such common metals 
as Mn, Fe, Ni, Cu, and Zn, associated with it in the 
ores. In the present case the most serious difficulties 
were: 

1—Extremely low grade ore, 0.1 pct Co. 

2—The large proportion of iron accompanying 

SANAI NAKABE, Member AIME, is Chief Engineer, Besshi Mining 
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Table |. Some Examples of Cobalt Content of Japanese 
Cupriferous Pyrite 


Co, Pet Cu, Pet Fe, Pet 


Ismori 
Shirataki 
Kotsu 
Chihara 
Kune 
Motoyasu 
Yanahara 
Makimine 
Sazare 
Besshi 


~ 


cobalt and its close similarity in chemical behavior. 
3—The fairly large proportion of zinc and man- 
ganese and their chemical similarity to cobalt. 

The recovery of cobalt oxide as a byproduct of 
the hydrometallurgy of copper had been attempted 
in Japan but was stopped after a short period be- 
cause it proved uneconomical. The literature dis- 
closed no method for the recovery of cobalt from 
cobaltiferous copper pyrite and it was therefore 
necessary to devise a new process. 

The following basic principles were considered in 
selecting the process: 

1—A major alteration in copper production meth- 
ods should not be necessary. 

2—The first step should be the extraction of cobalt 
leaving the large quantity of iron unaffected. For 
this purpose wet metallurgy would be preferred. 
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Table II. Distribution of Cobalt to Intermediates in Copper Smelting 


Ca, Fe, Ce, s. Ce 
Pet Pet Pet Pet Quantity 
Crude ore 1.17 19.16 0.03 9.98 100 
Copper concentrate 10.36 34.51 0.10 36.47 37 
> «x 0.32 41.52 0.10 45.05 30 
0.09 13.05 0.01 2.36 26 
35 40 0.3 23 20 
Blast furnace slag 03 35 0.06 35 
Converter slag 2 55 o4 20 
Blister copper 98 0.002 0.1 


3—A crude precipitate of cobalt would be satis- 
factory in order to avoid a large expenditure in 
chemically treating a huge volume of leach solution 
to obtain a pure precipitate 

4—The crude cobalt precipitate would be further 
refined. It would not matter if the process became 
somewhat complicated at this point because the 
quantity of material for treatment would be de- 
creased markedly. 

Selection of Direct Raw Material 

As the raw material it was first necessary to select 
an intermediate product from the copper extraction 
process. Four were selected, namely, pyrite concen- 
trate from the flotation, matte from the blast fur- 
nace, slag from the same, and slag from the con- 
verter. 

Three different processes were devised for treat- 
ing concentrate, matte, and slag. The first one for 
treating the concentrate proved to be best suited for 
the circumstances at Besshi mine and the Japanese 
wartime economy. This process was operated on a 
plant scale and will be reported here, but the other 
two were not developed to plant size although they 
proved to be valuable in those cases where some- 
what more cobalt is contained in the raw material 
in copper smelting. The compositions of several in- 
termediate products at the Besshi smelter are shown 
in Table Il. In order to make it pay it is desirable 
that a process for treating a poor raw material 
should have some extra merits in addition to the 
principal one which, in this case, aims at cobalt re- 
covery. By treating iron concentrate, a quantity of 
copper would be recovered and, at the same time, 
the quality of the leached residue, by the elimination 
of copper, would be enhanced. 


Flotation 


Usually no distinct cobalt mineral is identified in 
the ores and it is supposed that cobalt exists in solid 
solution in the pyrite crystal, displacing some of the 
iron atoms. Whether there is any difference in cobalt 
content between chalcopyrite and iron pyrite is open 
to question. In the case of the Besshi ore there is 
little difference according to the analyses of the two 
kinds of concentrate produced at the flotation mill, 
Table III. It was concluded therefore that no change 
in the process of flotation was necessary and both 


Table Ill. Distribution of Cobalt by Flotation 


Produc- 
tion CuFeS:, FeS», 
Ce, Ca, Fe, S. Ratio, Calcu- Calcu- 
Pet Pet Pet Pet Pet lated lated 


Feed ore 0.03 1.17 19.16 9.98 100 34 16.5 
Copper concentrate 0.10 10.36 34.51 36.47 1l 299 48.7 
Pyrite concentrate 0.10 0.32 41.52 45.07 9 09 840 
Tailing 0.01 0.09 13.05 2.36 80 0.5 42 
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Table IV. Successive Change in Roasting 


Water-Soluble Ingredients 


Ce, Cu, Fe, 8. 

Pet Pet Pet Pet 
3 27.45 0.010 0.040 0.143 0.77 
4 20.62 0.012 0.058 0.402 0.96 
5 5.18 0.040 0.168 0.347 1.24 
6 3.07 0.053 0.245 0.782 2.45 
7 1.90 0.068 0.291 0.468 1.56 
8 0.067 0.283 0.226 1.36 


concentrates must be treated separately for cobalt 
production. 


Roasting 

Various methods were examined to render cobalt 
in pyrite soluble in water or dilute acid, and it was 
finally decided that an oxidizing roast was the best 
practical method if sufficient attention was paid to 
operation. Roasting for sulphuric acid production 
needs no special regulation, but for cobalt extraction 
careful control in roasting is necessary. The most 
important factor in roasting regulation is the 
temperature control which will be explained. 

Practically all of the soluble cobalt in the cinder 
proved to be cobalt sulphate and not oxide. This was 
true with acid leaching as well as with water leach- 
ing not only for oxidizing roasts but for all the 
roasting methods tried. Therefore, it was most 
desirable to convert as much into sulphate as possi- 
ble. Most of the cobalt sulphate was formed near 
the final roasting stage according to the numerical 
order of the following equations. An example of the 
successive change is given in Table IV which shows 
analyses of samples taken from each hearth of a 
Herreshof-type roaster. The diameter of each of the 
eight hearths was 9 ft 6 in. 


FeS, — FeS +S [1] 

FeS + 11420,— FeO + SO. [2] 
FeS + 20, — FeSO, 

CoS + 20, CoSO, [3] 


2FeSO, — Fe.O, + 2SO, + %O, 


Cobalt sulphate was not formed in the rapid oxi- 
dation of pyrite resulting in a black cinder. One of 


Table V. Ferrite Formation 


H.SO, 
Heating Water-Soluble Leach of Final 
Temperature, Quantities Residue, Residue, 
°c Ce,G Fe.G Ce,G Ce,G 
500 0.116 0.001 0.001 0.006 
550 0.111 Trace Trace 0.010 
600 0.059 Trace Trace 0.067 
650 0.046 0.001 0.001 0.084 
700 Trace Trace Trace 0.123 


Table Vi. Lack of Ferrite Formation 


Heating Solubility 


Temperature. Water-Soluble Quantities of Co, 
°C ~ Co, G Fe, G Pet 


0.003 


550 0.100 0.003 74 
600 0.105 0.004 78 
650 0.100 0.002 81 
700 0.095 0.002 70 
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the necessary conditions, therefore, was slow oxida- 
tion through control of the temperature or air supply. 
This resulted in a brown cinder. Another factor was 
the formation of ferrite. In the presence of ferric 
oxide, ferrite formation begins at about 600°C and 
increases as the temperature rises. However, in the 
presence of ferrous oxide and no ferric oxide, ferrite 
does not form even at the high temperature of 
800°C. Table V shows the formation of ferrite when 
a finely ground mixture of 1.5 g of Fe.O, and 1.5 g of 
CoSO,° 7H.O was heated for 1 hr at the indicated 
temperatures. The results are shown of leaching 1 g 
of the product in water and further leaching the 
residue in boiling 2 pct H.SO,. Table VI indicates the 
absence of ferrite formation when a similar experi- 
ment was conducted using ferrous oxide instead of 
ferric oxide. 

The optimum roasting temperature for cobalt 
sulphate formation was found to be about 550°C. 
This was determined experimentally, Table VII, 
using a small electrically heated rotary kiln. The 
rate of formation of cobalt sulphate is low and many 
hours are required for a satisfactory conversion. 
This is shown in Table VIII which summarizes the 
best results obtained by leaching cinder from dif- 
ferent furnaces. Thermal decomposition of cobalt 
sulphate is not appreciable at temperatures below 
750° to 850°C. 

In practice a Herreshof-type furnace was found 
best suited for the purpose. The charging rate and 
the air supply must be so controlled as to obtain a 
gradual and sufficient oxidation, and at least two of 
the upper hearths must be maintained at 500° to 
600°C. The maximum temperature of the upper 
hearths usually went over 800°C but this was not 
detrimental to cobalt sulphate formation in the 
absence of Fe.O,. The conversion was about 70 pct 
(soluble Co 0.09 pct) under good conditions, but fell 
below 30 pct with poor regulation. The ore particles 
swelled, becoming very porous, which had a favor- 
able effect on leaching, Table LX. The moistures of 
cakes obtained by vacuum filtration of slurries are 
shown to give a rough idea of the porosity of the 
particles. 

Leaching 

The purpose of leaching is to dissolve cobalt and 
copper, leaving all of the iron undissolved in the 
residue. The only economical solvents, in view of the 


Table Vil. Selection of Roasting Temperature 


Temperature, Water Extract 
°C Co, Pet Cu, Pet Fe, Pet 


450 0.060 0.25 7.95 
500 0.067 0.40 4.05 
550 0.096 0.28 027 
600 0.083 0.10 0.01 
650 0.027 0.03 0.01 
700 0.006 0.01 Trace 


Table Vill. The Effect of Roasting Time 


Capac- Water Leaching 


ity, 
Type of Dimen- No.of per Stay, Colorof Co, Cu, Fe, 
Furnace sion Hearths Day Hr Cinder Pet Pet Pet 
Herreshof 19ft 6 in. 8 144 12 Brown 0.10 0.27 0.15 
Herreshof 15 ft 10 in 6 72 8 Brown 0.07 0.15 0.26 
Herreshof 3ft Gin 10 0.6 5 Brown 0.06 0.24 022 
Rotary kiln 294 x 3lm 43 25 Biack Nil 0.03 06.02 
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Table 1X. Swelling of Ore Particle by Roasting 


Mesh 
+10, +28, +48, +100, +200, —200, ture, 
Pet Pet Pet Pet Pet Pet Pet 


Pyrite 
concentrate 0.5 
Cinder 1 


no 
NO 


poor grade of the raw material, would be water or 
dilute acid. It was concluded, after thorough experi- 
menting, that even dilute acid was not suitable be- 
cause, although it gave slightly better cobalt and 
copper extraction, it dissolved considerably more 
iron than was the case with water leaching. Grind- 
ing, heat, and increased leaching time had little 
effect, as shown in Tables X through XIV. Sea water 
could also be used, Table XV. 

Cinder was classified into three parts as indicated 
in Table XIV, and half of each ground to —100 
mesh. Both halves were water-leached for compari- 
son. 

The data in Tables X to XV lead to the conclusion 
that the leaching is a very simple problem, but in 
practice it is very important to wash the residue 
efficiently in order to obtain simultaneously high ex- 
traction and high concentration of the leach solution. 
Continuous countercurrent decantation was adopted 
easily because of the fine particle size. High porosity 
of the cinder was not conducive to good washing 
because in a thickener the settled material contains 
as much as 40 to 50 pet water. The analysis of the 
leach solution was as follows: Co, 0.2 to 0.3; Cu, 
0.5 to 1.5; Fe, 0.3 to 1.5; Zn, 0.3 to 0.6; Mn, 0.1 to 0.2 
g per liter. 

Treatment of Solution in General 

Recovery of pure cobalt oxide from such a solu- 
tion is difficult for a variety of reasons. The cobalt 
concentration is small and any prior removal of cop- 
per and iron by any of the usual methods would 
still leave enough behind to seriously contaminate 
the cobalt when ultimately recovered. Moreover, 
extreme dilution made necessary the treatment of 
such huge quantities of solution that production cost 
inevitably would be high in the case of a complicated 
flowsheet involving heating, filtration, reagents, etc. 
Zinc and manganese are so close to cobalt in chem- 


Table X. Comparison of Water and Acid Leaching* 


Co, Pet Cu, Pet Fe, Pet Zn, Pet 


H.O 0.072 0 
2 pet 0.076 0 


* Leaching at 80°C for 5 min. 


Table XI. Effect of Temperature and Acid Concentration 
in Leaching” 


Temperature, 
Selvent °c Co, Pet Cu, Pet Fe, Pet 
H.O 60 0.069 0.15 0.08 
0.5 pet H»SO, 30 0.070 0.19 0.32 
0.5 pet H.SO, 60 0.068 0.23 0.78 
2 pet H.SO, 60 0.071 0.27 1.63 
2 pet H.SO, 90 0.073 0.30 2.80 


* Leaching for 30 min 
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Table XII. Effect of Time in Water Leaching 


Time, Min Ce, G cu,G Fe,G 
0.0214 0.0883 0.0200 

10 0.0212 0.0893 0.0211 

20 0.0221 0.0897 0.0266 

40 0.0223 0.0901 0.0191 


* 50 g ore was agitated with 100 g water. 50 cc extract analyzed 


Table Xill. Effect of Particle Size on Leaching 


Mesh Ceo, Pet Cu, Pet Fe, Pet 
0.048 0.33 0.14 
15+ 65 0.055 0.33 0.15 
65+ 100 0.058 0.36 0.08 
100+ 150 0.053 0.35 0.08 
150 + 200 0.050 0.31 0.11 


* Water leaching at 60° for 30 min 


ical behavior that their elimination or separation is 
difficult even in the case of chemical analysis. No 
known hydrometallurgical method was entirely sat- 
isfactory from a technical and economic viewpoint. 

It was decided finally to treat the leach solution 
to obtain a cobalt precipitate after eliminating only 
those easily separable elements to such a degree as 
could be accomplished easily. This means that the 
solution treatment would be a mere concentrating 
process differing from the usual hydrometallurgical 
process in which refining is accomplished 

The simplest operation in each step in the process 
was chosen; heat was not involved, separation of the 
bulk of the liquid from any precipitate was by de- 
cantation, and the whole was operated continuously 
so that huge volumes of liquid could be passed 
through small equipment. Chemical reactions were 
selected that could be adapted to such a flowsheet. 
Equipment consisted of small agitation tanks for 
reagents, one or two medium tanks for completion 
of reactions, a large Dorr thickener for decantation, 
and filter presses to take only thickened slurry when 
necessary. Such cheap and simple steps were arranged 
for each individual reaction 


Elimination of Copper and Iron 


The simplicity of the equipment referred to above 
required a precipitate that would settle easily at 
room temperature, namely one of fairly large par- 
ticle size. To achieve this in minimum time it was 
necessary to consider the solubility product of the 
precipitate to be formed. Copper sulphide or ferric 
hydroxide, for example, are not suitable because 
their solubility products are too small to allow the 
precipitates to coagulate or grow to larger particles. 
Of course coagulation could be accomplished by 
applying heat and controlling the pH, but these pro- 
cedures were out of the question. Since, on the other 
hand, a high solubility product meant incomplete 
elimination, there was no alternative but to choose 
precipitates having a moderate solubility product. 
In addition the solubility product of the copper or 
iron precipitate must be low in comparison with that 
of the cobalt compound present to allow separation 
These requirements led to the selection of eliminat- 
ing copper as the hydroxide 

Regarding the tron, there were many reasons for 
precipitating it as the hydroxide. Iron was present 
in the solution as ferrous sulphate. The solubility 
product of ferric hydroxide was too low, as men- 
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tioned earlier, and any excess of reagent used for 
oxidizing ferrous iron is apt to precipitate Co(OH), 
together with the iron. Furthermore, ferric hydroxide 
has a greater tendency to drag down cobalt by oc- 
clusion. In the process iron and copper were success- 
fully eliminated simultaneously as Fe(OH), and 
Cu(OH).. 

Table XVI shows the results of experiments in 
which varying amounts of soda ash were used for 
precipitation. 

The following comments are important from the 
standpoint of practical operation: 

1—Loss of cobalt is closely related to the exces- 
sive elimination of copper from solution. 

2—Loss of cobalt increases with increase of iron 
in the original solution. 

3—The elimination of copper and iron must be 
made in two stages in order to diminish their con- 
centrations below 0.01 g per liter, which means the 
remaining copper or iron must be less than 1/20th 
of the cobalt, thus limiting the loss of cobalt to a 
few percent 

4—The precipitate from the second stage contains 
considerable cobalt which must be recovered. To do 
this the thickened slurry is agitated with the orig- 
inal solution in the first agitator where the cobalt is 
dissolved, Table XVII, according to the following 
reaction: 


Co(OH), Cu SO, — CoSO, +- Cu(OH)> ee. 


This simple method is very effective in saving 
reagents because the second stage precipitate is not 
only leached without consuming any particular rea- 
gents, but also serves as a base for precipitating 
copper from the original solution. 

Composition of original solution added: Cu 1.05, 
Co 0.32, Fe 0.05 g per liter. To 100 ce of second cop- 
per precipitate slurry, the sulphuric acid or original 
solution was added, agitated for 30 min at room 
temperature and filtered. Before treatment 100 ce of 
second copper precipitate contained the following: 
Dry material, 1.2 g; Co, 0.024 g; Cu, 0.394 g; and 
Fe, 0.003 g. 

5—Soda ash additions were controlled using the 
remaining CuSO, in the mother liquor as indicator, 
0.1 g per liter in the first stage and 0.01 g per liter 
in the second. The copper present was determined 
colorimetrically by the operator. In actual operation 


Table XIV. Effect of Grinding on Leaching 


Water Extraction 


Mesh Grinding Ce, Pet Cu, Pet Fe, Pet 
0 Not ground 0.030 0.11 0.03 
Ground 0.030 0.10 0.10 
10+ 65 Not ground 0.027 0.13 0.05 
Greund 0.030 0.12 0.07 
65 No. ground 0.037 0.10 0.03 
Ground 0.037 0.10 0.03 
Table XV. Comparison of Fresh and Sea Water for Leaching 
Medium Co, Pet Cu, Pet Fe, Pet 
Distilled water 0.049 0.29 0.035 
Aqueduct water 0.049 0.29 0.029 
Sea water 0.048 0.26 0.006 
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the consumption of soda ash was about three times 
as much in the first stage as in the second. 

6—The two-stage elimination of copper and iron 
was necessary also because, in spite of the large 
storage tank, the concentration of the feed solution 
varied considerably, 0.6 to 1.3 g per liter Cu, and 
with continuous treatment the addition of the cor- 
rect amount of soda ash was impossible. Therefore, 
the first addition was purposely somewhat insuffi- 
cient so that an unexpected decrease of copper in 
the feed solution would not result in an increase of 
cobalt in the precipitate. On the other hand, the 
second soda ash addition was maintained in excess 
so that a sudden increase of copper would not re- 
sult in its incomplete elimination. 

7—Soda ash was chosen as the precipitant although, 
from a reagent cost standpoint, milk of lime had 
some advantage. However, there are some disadvan- 
tages in using lime. Calcium sulphate crystallizes on 
the inner surfaces of pumps, pipes, and tanks mak- 
ing it necessary to use launders for solution transfer 
and to so place tanks that the transfer can be done 
by gravity decantation, thus eliminating pumps. 
Also if there are coarse particles of lime in the rea- 
gent there will be excessive precipitation of cobalt 
in their vicinity. It is preferable to use lime immedi- 
ately after slaking. 

8—The precipitate had the following analysis: 
Cu, 25 to 35 pet; Fe, 15 to 25 pet; Co, 0.2 to 0.3 pet; 
and Zn, 2 to 4 pet. This material could be charged 
into the blast furnace for copper recovery. 


Precipitation of Cobalt 

Cobalt was precipitated as cobaltic hydroxide 
using soda ash and chlorine. The chlorine which was 
purchased as a liquid was introduced into the solu- 
tion as fine bubbles through porous porcelain tubes. 
In this process the separation of manganese was dif- 
ficult since it precipitated as MnO, together with the 
cobalt. Part of the manganese was oxidized to per- 
manganate, coloring the solution. Some zinc is also 
precipitated along with the cobalt. 


Table XVI. Precipitation by Soda Addition® 


Filtrate 


Precipitate 
Na -CO,, 
° Co, Cu, Fe, Zn, Mn, Co, Ca, Fe, 
Mg Mg Me Me Me Me Meg Mg 
0.24 Trace 50 15 Trace Trace 52 120 28 
0.30 Trace 72 18 1 Trace 53 97 23 
0.36 Trace 98 25 2 Trace 52 71 20 
0.42 Trace 116 27 2 Trace 52 50 15 
0.48 2.6 136 35 a 1 49 25 10 
054 48 156 3g 16 3 46 10 5 
0.60 8.1 155 42 25 5 44 2 3 


* Concentration of original solution: Co 0.26, Cu 0.84, Fe 0.22, Zn 
0.36, Mn 0.03 g per liter 
Quantity of original solution: 200 cc 
Agitated for 1 hr at room temperature 
NarvCOs was added as a 10 pct solution 


Table XVII. Dissolution of Cobalt in Second Copper Precipitate 


Addition Residue Extract 
Orig- 
H_SO,, inal 

G Selution Co,G Ca.G Fe,G cu, G Fe 
02 i) 0.011 0.394 0.003 0.0139 0.005 Trace 
04 0 0.0013 0.360 0.003 0.0248 0.034 Trace 
06 0 0.0004 0.237 0.003 0.0256 0.157 Trace 
08 0 0.0003 0.085 0.003 0.0256 0.298 Trace 
00 300 ce 0.0016 0.421 0.004 0.0205 
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Table XVIII. Standards of Degree of Oxidation and Reduction 


Ceo in Mn in 
Slag, Pet Crade Co, Pet 
lst stage 0.1-0.2 3-5 
2nd stage 5-10 0.1-0.05 


Table XIX. CoO, MnO Reduction Equilibrium 


Alley Slag 
Mn, Pet Co, Pet Mn, Pet S8i0., Pet CaO, Pet 
5.41 0.05 11.80 25.70 38.09 
3.77 0.22 
1.14 0.59 31.61 37.86 
1.00 0.50 30.14 38.94 
0.57 0.67 30.79 39.94 
0.26 1.45 32.27 37.22 
0.20 1.67 31.78 35.72 
0.07 6.29 27.52 34.66 


The soda and chlorine additions were so regulated 
as to maintain a pH of 5.0 to 5.5 and an excess of 
chlorine, including MnO,’ and C10’, of 0.05 to 0.1 
g per liter. The pH was determined with test papers 
and the free chlorine by simplified permanganometry, 
both tests being made on the job. Lime cannot be 
substituted for soda ash in this process since the 
¢alcium sulphate thus formed accompanies the cobalt 
precipitate which in the subsequent reduction process 
yields cobalt sulphide instead of the desired metallic 
cobalt. Although the cobalt precipitate obtained was 
impure the process did serve to produce a concen- 
trate from the dilute leach solution. The analysis of 
the precipitate was: Co, 30 to 35 pet; Cu, 0.5 to 1.0 
pet; Fe, 0.5 to 1.0 pet; Zn, 2 to 8 pet; and Mn, 5 to 8 
pet. 

Reduction of Cobalt Precipitate 

The dried precipitate was mixed with coke breeze 
and flux and melted in a small electric are furnace. 
Crude metallic cobalt containing copper and iron 
was obtained, the manganese was slagged off, and 
the zinc was eliminated by vaporization. The crude 
cobalt containing about 90 pct Co, 2 to 5 pet each of 
Cu and Fe, 0.5 to 1.5 pet Ni, and traces of Mn and Zn, 
was refined electrolytically. 

In the reduction the chemical similarity of the 
oxides of cobalt and manganese made it necessary 
to operate in two stages to eliminate manganese. The 
first stage was a reducing fusion wherein all of the 
cobalt and a small amount of the manganese were 
reduced. The second stage was an oxidizing fusion 
wherein the manganese was oxidized into the slag 
by the addition of crude cobalt precipitate. This 
eliminated the manganese but gave a slag contain- 
ing cobalt which was recovered by returning the 
slag to the first stage. The degree of reduction and 
oxidation in the two stages was adjusted according 
to the cobalt content of the slag as shown in Takle 
XVIII, based on a study of the equilibrium, Table 
XIX. The corresponding alloys and slags were ob- 
tained by melting CoO, MnO., charcoal, and siliceous 
sand in various proportions in a crucible over an 
oxygen-coal gas burner. 


Electrolysis 


The literature on the electrolytic refining of cobalt 
is scanty and many details remain to be studied. 
Nevertheless, pure metallic cobalt was commercially 
produced by the electrolytic process here described. 
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The crude metallic cobalt 
scribed above was cast into anode plates. 
sulphate served electrolyte and pure 
cobalt was deposited on copper cathodes. Dia- 
phragms must be used to separate anolyte and 
catholyte to prevent iron, which dissolves from the 
anode, from depositing on the cathode. Purified 
electrolyte was fed continually to the cathode cham- 
ber from which it passed through the diaphragm into 
the anode chamber where it picked up iron. It then 
left the anode chamber for purification and recircu- 
lation. 

The electrolytic 


as 


tank was constructed of wood 
lined with sheet lead. A separate chamber for each 
cathode was constructed of a wooden framework 
with sheets of cotton cloth on both sides serving as 
diaphragms. The were 380x590 mm, and 
cathodes were 400x600 mm. Ten anodes were placed 
at a spacing of 160 mm 

Although the cathode deposit was not smooth, a 
week of continuous electrolysis gave no serious dif- 
ficulty at a current density of 1 amp per sq deci- 
meter and a bath voltage of 1.5 v at 50°C. Current 
efficiency was about 90 pct. Anode dissolution pre- 
sented no particular problem, the only unexpected 
behavior was that in the anode remained 
undissolved as anode slime. Iron, manganese, and 
zinc, if any, were dissolved almost 100 pct 

The electrolyte was held to about 30 g Co per liter 
and the sulphate and ammonium ion concentrations 
regulated to correspond to a nearly equimolecular 
mixture of cobalt sulphate and cobalt ammonium 
sulphate. The pH of the solution was maintained 
at 5.5 after purification, since lower values made it 
difficult to eliminate iron and higher values gave a 


anodes 


copper 


TATION 


Cinder Co 

Period of Treated, Produced, 
Operation Ton Kg 
September to December 1943 7.082 0 
1944 24.897 6298 
January to August 1945 5,413 1373 
Total 37,392 7671 


rough cathode deposit. Boric acid additions to the 
electrolyte improved the deposit but it was not used 
because of its searcity. The circulation rate was 
200 ce per amp-hr which was sufficient to protect 
the catholyte purity from infiltration of anolyte 
iron. This value is four times larger than theoreti- 
cal, based on a diaphragm area 40 pct greater than 
the cathode area. 

Iron was eliminated from the electrolyte by add- 
ing ammonium hydroxide to the air-agitated solu- 
tion at 70°C. The ammonium sulphate which built 
up was eliminated as CoSO, (NH,). SO, 6H.O. The 
double salt was roasted at 550° to 600°C to drive off 
ammonium sulphate. The residual cobalt sulphate 
was returned to the electrolyte. 

Manganese in the anodes will go into solution 
where it remains, but zinc will deposit, necessitating 
complete remova! of the latter at the anode furnace. 


Plant Construction 


The pilot plant was operated during 1941 and the 
commercial plant design was started in 1942. It was 
decided that the capacity should be 300 tons of 
pyrite concentrate per day which was the tonnage 
expected from the Besshi mine. The most serious 
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1—Flowsheet of cobalt production. 
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Quantity 
Treated 


Name ef Products per Month Unit Co 


Table XXi. Analyses of Intermediate Products (Average) 


Pyrite concentrate 3025 ton Pct 0.10 
Pyrite cinder 2180 ton Pet 0.14 
Pyrite cinder ‘soluble part) Pct 0.055 
Leach solution 4292 cu m G/L 0.22 
Copper precipitate 9370 kg Pet 0.21 
2nd copper precipitate Pct 4.24 
Pct 36.42 


Cobalt precipitate 2523 kg 


Cobalt precipitate 2674 kg Pct 31.66 
Anode 1274 Pct 88.40 
Manganese slag 912 Pct 0.26 
Cobalt slag 581 Pet 9.26 
Zinc oxide dust 58 Pct 2.76 
Pure cobalt 740 Pct 99.35 
Iron precipitate 117 Pct 15.36 
Anode slime 114 Pct 22.66 
Pure electrolyte G/L 29.63 


Foul electrolyte G/L 


problem was the selection of corrosion resistant 
materials. Acid was not to be used which helped 
somewhat, however, the corrosive action of copper 
sulphate and the erosion by the ore slurry was still 
a difficult combination to overcome. Cupro-nickel or 
18-8 stainless steel were best suited, but they were 
in scarce supply. Consequently tanks, pipes, and air 
lift pumps were made of reinforced concrete. A few 
parts including an air nozzle were made of 13 pct Cr 
steel. Launders and agitator were made of wood, 
and pumps were of bronze or hard lead. All equip- 
ment except the roasting furnace was made on the 
job. Construction started in August 1942 and was 
completed in August 1943 at a cost of about 1,000,000 
yen. Arrangement of the main equipment is indi- 
cated in Fig. 1. 
Commercial Operation 

The operation was started in September 1943 and 
continued successfully until the surrender in 1945. 
The quantities treated and produced and some exam- 
ples of analyses of raw material, intermediate and 
final products are shown in Tables XX and XXI. 


Economics 

The project was demanded by the war economy 
regardless of cost, but it represents a sincere effort 
on the part of the author to develop a process which 
would be profitable even in peace time. Indeed the 
operating cost under normal conditions estimated 
from the actual results show a cost less than the 
prewar price of cobalt. However, the actual cost cal- 
culated from the data of the short operating period 
was high owing to the high repair costs incurred 
by the small but numerous faults of the equipment 
in the early days of operation. In fact, the process 
was profitable ever, during the wir in comparison 
with other plants in Japan upon whose costs the con- 
trolled price of cobalt was based. Further reduction 
in cost is anticipated by substituting milk of lime 
for most of the soda ash which is responsible for a 
large part of the cost, or by replacing chlorine and 
soda ash for cobalt precipitation with bleach solu- 
tion produced by direct electrolysis of sea water. 


Summary 


Metallic cobalt was obtained from cupriferous 
pyrite as a byproduct of copper production at Besshi 
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June 1944 
Co fre oe Mn NI s 
0.28 40.7 0.37 0.03 Trace 47.53 
041 54.20 0.11 0.04 0.65 
0.11 0.04 0.04 0.01 
0.69 0.19 0.10 0.02 
25.19 13.74 2.94 0.25 
17.15 6.55 4.50 0.32 
0.50 0.78 2.99 5.80 0.01 2.13 


1.00 2.40 10.65 5.83 
2.77 4.38 Trace 0.24 
0.07 1.88 0.20 6.58 
0.16 5.70 0.28 6.06 
53.81 
0.11 0.07 Trace Trace 0.26 
0.08 22.56 Trace 0.45 
22.10 5.51 Trace 0.22 
Trace 0.005 Trace 0.56 
Trace 0.26 Trace 0.53 


mine and smelter, Japan. The project was under- 
taken because, since the early thirties, it was neces- 
sary for Japan to be self-sufficient in cobalt. The re- 
search work started in 1939 and was finished in 1940. 
The pilot plant was operated in 1941 and the final 
plant produced cobalt from 1943 until the Japanese 
surrender in 1945. About 7 tons of metallic cobalt 
were produced from approximately 37,000 tons of 
pyrite cinder. 

Owing to the extremely low grade of the ore (0.1 
pet Co) it was difficult to make the project profit- 
able, however this was accomplished by the process 
which is summarized as follows: 

1—Iron pyrite concentrate, obtained as froth from 
the flotation mill after separating chalcopyrite, was 
treated for cobalt production. It was roasted for sul- 
phuric acid production and then leached. 

2—The leach solution, containing CuSO,, FeSO,, 
ZnSO,, and MnSO,, in addition to CoSO,, was treated 
by a simple process to obtain a crude cobalt pre- 
cipitate after a rough elimination of copper and iron. 
A complete refining of cobalt was not intended be- 
cause of the expense of treating large quantities of 
solution by a complicated procedure. 

3—Crude metallic cobalt was obtained from the 
precipitate by a reducing fusion which eliminated 
zinc and manganese whose removal would otherwise 
have been difficult. 

4—The crude metallic cobalt was refined by elec- 
trolysis. 

5—Because of shortages of construction material 
the whole process was designed to use few units of 
simple design and special stress was laid on this re- 
quirement during development. 
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Effects of Precompression On 


The Behavior of the Aluminum Alloy 24ST4 


HE effects of strain histories, consisting of sev- 
eral prestrains in opposite directions, on the 
flow and fracturing characteristics of metals deter- 
mined in a final test have been investigated previ- 
ously Such strain histories vary from a single 
prestrain in tension or compression to the number 
of strain cycles leading to fatigue failure. Between 
these two limits, various strain histories could be 
visualized and some can be attained readily. One 
such example is a strain history consisting of a first 
prestrain in tension of various magnitudes and a 
second prestrain in compression also of various mag- 
nitudes.” In this investigation the strain history was 
extended to the combination of these two limits, 
i.e., a single prestrain in tension or compression fol- 
lowed by balanced strain cycles of a selected mag- 
nitude « +0.12. It was found in this case that 
only compressive initial prestrains could be investi- 
gated with sufficient accuracy.* 

Such strain histories can be considered also as 
(low cycle) fatigue tests of a metal- subjected to 
various amounts of cold working. It appears from 
previous publications that cold working within a 
wide range of reductions usually raises the un- 
notched fatigue strength of many metals.“ This 
effect, however, has been found to be inconsistent 
and sometimes reversed for other metals Fur- 
thermore, Ludwik reports that the yield strength 
of cold-worked specimens may be reduced by cyclic 
strains, while that of materials without cold work 
is generally increased in the initial cycles.” 

In addition to the above tests, a study was made 
of the effect of intermediate re-solution heat treat- 
ment on low cycle fatigue behavior. Such anneals 
should eliminate the strain hardening induced by 
the cyclic strains. As far as their effect on the 
fracture characteristics is concerned, a few previous 
tests seemed to indicate that the damage resulting 
from cyclic strains is retained only partially after 
heat treatment 

A further investigation was made in which one 
specimen was subjected to repeated unbalanced ten- 
sion cycles in which the strain interval was approxi- 
mately +0.013. This repetition of plastic tension 
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During Cyclic Direct Stressing 


Fig. | (right) —Test specimen for 
cyclic loading. 


Fig. 2 (below) —Stress-strain curves 
for the precompressed aluminum 
alloy 24ST4 after various strain 
cycles at a strain of «, +0.12. 
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damages the material slightly. This result appears 
to confirm Ludwik’s observations.” 

Commercial *4-in. rod of the aluminum alloy 
24ST4 was selected for this investigation. The ma- 
terial was subjected to the following treatments 
before machining: 1—Re-solution treatment at 920° 
+ 10°F for 45 min, 2—water quench at room tem- 
perature, and 3—aging for four days at room tem- 
perature.+ The treated material then was machined 
to desired specimen contour and tested. A coolant 
was used during machining to minimize any artificial 
aging effects of heating during machining. In some 
cases the 24ST4 specimens were reheat treated after 
having been strained. In these cases, the heat treat- 
ment was the same as the re-solution heat treatment 
described above. 

Procedure 

As shown in Fig. 1, threaded end specimens with 
a minimum diameter of 0.266 in. and a contour 
radius of 2 in. were used for prestraining to an axial 
compressive strain ranging from e, 0.10 to «, 

0.48. For large prestrains, two consecutive com- 

* After a comparatively large initial tension and machining, neck- 
ing no longer took place at the original minimum section 


This allov reportedly is stable as regards mechanical properties 
ifter a natural aging period of four days 
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Fig. 3—Cyclic stress-strain characteristics of the aluminum alloy 24ST4 after various amounts of precompression. 


pressions with an intermediate machining were ap- 
plied, the amount of compressive strain performed 
in each single compression being kept below «, 

-0.30 to avoid buckling. The precompressed speci- 
men was machined to its initial contour and finally 
subjected to cyclic straining. Each strain cycle con- 
sisted of a first strain in tension « +0.12 and a 
second strain in compression « 0.12. Such ten- 
sion-compression strain cycles were carried on until 
fracture took place. To investigate the progressive 
change in fracturing characteristics, specimens were 
subjected to failure in tension after various num- 
bers of cycles. As was pointed out before, no signifi- 
cant change in specimen contour was observed after 
each cycle. 

The prestrains, the strain cycles, and the final 
testing all were done on a regular hydraulic 60,000- 
lb tensile machine. Concentricity during compres- 


Symbols 


Either one of two limits 
of natural strain in a 
balanced strain cycle 
consisting of a first strain 
«, in tension and a sec- 
ond strain in compres- 
sion 


Cyclic strain « 


Prestrain in either ten- 
sion (positive) or com- 
pression (negative) 

Load at fracture divided 
by the area at the mini- 
mum section at the mo- 
ment of fracture. 


Prestrain «, 


Fracture stress S 


Maximum natural strain 
after fracture. 


Retained ductility «, 


Number of repetitions of 
strain cycles. 


Number of cycles N 


Changes in fracture Change in fracture stress 


stress (S,), due to precompression 
only (n constant). 
(S,), Change in fracture stress 
due to strain cycles only 
le, constant). 


Changes in retained ductility: 

(ea Change in retained duc- 
tility due to precompres- 
sion only (n = constant). 

(e,) Change in retained duc- 
tility due to strain cycles 
only (e, constant). 
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sion was obtained by using a truncated-cone-shaped 
fixture attached to an antifriction die set and con- 
centricity during tension, by using a specially de- 
signed fixture." The change of diameter at the 
minimum section in either tension or compression 
was measured by means of a radial strain gage 
which measured changes in diameter directly to 
0.0001 in.‘ The stress-strain relations for all strain 
cycles and all final tests thus obtained are presented 
in Figs. 2 to 12. 
Results 

Effects of Precompression on the Flow Character- 
istics during Cyclic Loading: The changes in flow 
characteristics are illustrated in Figs. 2 to 5. Each 
family of curves in Fig. 2 corresponds to a given 
value of precompression, and each family consists 
of stress-strain curves obtained on specimens tested 
after various numbers of strain cycles. In Fig. 3, 
stress-strain curves for each given value of pre- 
compression were plotted in the sequence of strain- 
ing, regardless of the difference in the signs of 
stresses and strains. In Fig. 4, each family of curves 
corresponds to a given number of cycles, and each 
family consists of stress-strain curves from speci- 
mens strained to various values of precompression 
before the given number of cycles. The stress re- 
quired to perform the selected value of strain 
(+0.12), the true necking stress, and the conven- 
tional tensile strength are plotted in Figs. 5a and b, 
as functions of the number of cycles. 

From Figs. 2 to 5, the following can be deduced 
regarding the effects of precompression on the flow 
characteristics: 

1—Cyclic straining of a re-solution heat treated 
metal apparently creates two superimposed and 
counteracting effects; namely, strain hardening and 
deterioration. For a given magnitude of cyclic 
strain, strain hardening disappears after a certain 
number of cycles, while the deteriorating effect 
continues until a fatigue-type fracture takes place. 
As shown in Fig. 2, for the selected value of cyclic 
strain (e, +0.12) the net effect of the first cycle 
could be either strain hardening or deterioration, 
depending upon the magnitude of the precompres- 
sion. For small precompressions between 0.00 and 

0.18, the effect of the first cycle is strain hardening 
and the amount of strain hardening decreases with 
increasing precompression; on the contrary, for 
large compressions between -—0.3 and —0.48, the 
net effect of the first cycle is deterioration as shown 
by the lowered stress-strain curves after the first 
cycle. 

—As shown in Figs. 3 and 4, as the number of 
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straining cycles increases, the stress-strain curves 
for various magnitudes of precompression approach 
each other. Moreover, a reversal of the order of 
strain hardening takes place after two cycles, i.e., 
the stress-strain curves after the first several cycles 
become lower than those of the first several cycles. 
These appear to be the results of the counteraction 
between strain hardening and deterioration. 

3-—-As shown in Fig. 5, the stresses required to 
perform the desired cyclic strain, the necking stress, 
and the tensile strength all remain constant after 
the first cycle. The yield strength after large pre- 
compressions decreases slightly with increasing 
number of cycles. 

Effects of Precompression on the Fracturing Char- 
acteristics under Cyclic Straining: The total strain 
history introduced in this investigation consisted of 
two parts: The precompression and the following 
strain cycles. In order to visualize the combined 
effects of both on the fracturing characteristics of 
the material, the individual effect of each part 
should be considered. Thus the following four 
quantities were introduced here for graphical repre- 
sentation of experimental results: 


change in ductility and fracture 
stress due to precompression only 
(n constant) 

(er), (S;), change in ductility and fracture 


stress due to strain cycles 


constant) 


only 
(«, 


Fig. 6 
strain cycles («, 


amounts of 


Fig. 7 


CORRE ~ Se 
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(left) —Effect of 
+0.12) 
on the fracturing charac- 
teristics of the aluminum 
alloy 24ST4 after various 
compressive 
prestrain. 


(right) —Effect of 
precompression on the frac- 
turing characteristics of the 
aluminum alloy 24ST4 under 
cyclic straining at a strain 

+ 


0.12. 


Fig. 4 (left) —Stress- 


strain curves for the dis 
precompressed alum:- 
num alloy 24ST4 
after various strain Sy 
cycles at a strain of $3 oo 

& +0.12. 
Fig. 5 (right) —Ef- 
fect of precompres- 
sion on the flow {3 * 
characteristics of the 
aluminum alloy 24- 3} 
ST4 under cyclic 
Straining at a strain 

of « +0.12. 


The changes in fracturing characteristics are 
shown in Figs. 6 to 9. Fracture stress and the re- 
tained ductility were plotted as functions of the 
number of cycles in Fig. 6 and as functions of the 
magnitude of prestrain in Fig. 7. In order to visual- 
ize the effects of the presence of one part of the 
strain history on the effects of the other, Figs. 8 
and 9 were constructed as follows: The curves in 
Fig. 6 were shifted to a common origin; by so doing, 
the stress coordinate became the quantity (S,), and 
the ductility coordinate became the quantity («,), as 
shown in Fig. 8. By the same procedure, Fig. 9 was 
deduced from Fig. 7. From these figures, the fol- 
lowing could be deduced regarding the effects of 
such strain history (precompression followed by 
strain cycles) on the fracturing characteristics: 
1—The effects of precompression on the fracture 
stress after varying number of strain cycles were: 

(a) The fracture stress of the virgin material was 
decreased with increasing compression, as shown in 
Figs. 6a and 7a. 

(b) The rate of reduction in fracture stress by 
cyclic straining was increased by precompression as 
shown in Fig. 8a. 

2—The effects of strain cycles inserted between 
the precompression and the final testing on fracture 
stress for varying precompression were as follows: 

(a) The fracture stress of the virgin material was 
decreased with increasing number of strain cycles 
as Figs. 6a and 7a. 

(b) The rate of reduction in fracture stress by 
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Fig. 9 (right) —Change in fracture 
characteristics of the cyclically 
strained aluminum alloy 24ST4 
(e, == 20.12) due to precom- 
pression as functions of the pre- 
N compression. 
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precompression was increased by inserted strain 
cycles as shown in Fig. 9a. 

Thus it appears that within the range of pre- 
compression and number of cycles investigated, each 
of these two factors, precompression and cyclic 
straining, causes a reduction in fracture stress of the 
material when acting alone; on the other hand, 
when acting together, the combined effect appears 
greater than the sum of the two individual effects. 

3—The effects of precompression on the retained 
ductility after varying numbers of strain cycles 
were as follows: 

(a) For precompressions at magnitudes greater 
than 0.10, the ductility of the virgin material was 
decreased with increasing precompression as shown 
in Fig. 6b and 7b. 

(b) As shown in Fig. 6b, and the previous in- 
vestigation,’ the ductility of the material was de- 
creased suddenly between the last cycle and the 
fatigue fracture. Fig. 8b shows that precompression 
increases the rate of such reduction in ductility and 
accelerates the approach of such a sudden reduc- 
tion, i.e., accelerates the occurrence of fracture. 
However, the test data also show that except in the 
last cycle, the rate of reduction in ductility by cyclic 
straining was decreased by precompression. 

4—tThe effects of strain cycles inserted between 
precompression and the final testing on the retained 
ductility for varying precompression were: 

(a) The ductility of the virgin material was de- 
creased with the increasing number of strain cycles 
as shown in Fig. 6b anc. 7b. 

(b) The rate of change in ductility due to pre- 
compression was changed with the increasing num- 
ber of inserted strain cycles. As shown in Fig. 9b 
for precompressions of magnitude greater than 0.10, 
the rate of reduction in ductility by precompression 
increases with increasing number of cycles. 

Previous investigations showed that cold working 
in drawing or rolling up to very high reduction 
usually increased the unnotched strength of metals.** 


tIn this series, the reheat treatment consisted of the regular 
solution heat treatment and natural aging described earlier in this 
paper. 
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Fig. 8 (left) —Change in froctur- 
ing characteristics 
pressed aluminum alloy 24ST4 due 
to cyclic straining («, = +0.12) 
as functions of the number of 
cycles. 


of precom- 
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This investigation, however, indicates that the effect 
of precompression is opposite to the effect of draw- 
ing or rolling. It previously was found in this lab- 
oratory and also by other authors, that prestrain in 
drawing or rolling increases, while prestrain in 
compression decreases, the fracture stress of many 
metals in the subsequent tensile test.” This finding 
appears to be in good agreement with the results 
of this investigation. 

Effects of Intermediate Reheat Treatmentt on Low 
Cycle Fatigue Behavior: Fig. 10 shows the stress- 
strain curves in tension up to fracture after different 
numbers of cycles, for specimens without inter- 
mediate re-solution heat treatment, specimens with 
intermediate re-solution heat treatment after each 
cycle, and specimens with only one re-solution heat 
treatment before the final testing. In this case, no 
precompression was used. The figure shows that 
even after re-solution heat treatment, the stress- 
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Fig. 10—Stress-strain curves for the aluminum 
alloy 24ST4 after cyclic straining at a strain of 
€ = 0.12 with and without inserted re-solu- 
tion heat treatment, showing the permanent 
damage done by cyclic straining. 
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€ +0.12 with and 
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strain curves of the cyclically strained material are 
lower than the stress-strain curve of the virgin ma- 
terial 

In Fig. 11, the fracturing characteristics for speci- 
mens with and without inserted reheat treatment 
were plotted as functions of the number of cycles 
This figure reveals that after a certain definite num- 
ber of cycles, five in this case, the ductility of the 
cyclically strained material can no longer be re- 
stored to the value of the virgin material, regardless 
of the number of intermediate reheat treatments. 
However, at higher number of cycles, the amount 
restored by successive reheat treatment after each 
cycle is larger than that restored by a single reheat 
treatment before the final testing 

These all point to one fact, that the metal was 
damaged permanently by cyclic straining. This ap- 
peared to confirm the previous findings 

Stress-strain Curves for 24ST4 in Repeated Ten- 
sion: Fig. 12 shows the stress-strain curves for two 
specimens of the same material, one tested in tension 
continuously and the other subjected to 19 strain 
repetitions at a strain interval of approximately 0.01 
and tested to fracture. Such repetitions of small 
plastic strains caused the following changes in the 
stress-strain behavior of this material: 1—Both the 
flow and the fracturing characteristics were slightly 
lowered. 2—A pronounced yield jog which the vir- 
gin material does not possess appeared after a num- 
ber of repetitions 

Such slight reduction in both flow and fracturing 
characteristics is due apparently to the damages 
done by repeated loading 


Conclusions 

The experimental results lead to the following 
conclusions regarding this investigation 

1—Cycli: straining of re-solution heat treated 
24ST4 creates two superimposed and counteracting 
effects, namely, strain hardening and deterioration. 
After small amounts of precompression, strain 
hardening prevails during the first few cycles, while 
after 
from the first cycle, Fig 

2—When acting alone, either of the two factors, 
precompression or cyclic straining, causes a reduc- 
tion in fracture stress of this material; on the other 
hand, when acting together, the combined effect is 


large precompression, deterioration prevails 
9 
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greater than the sum of two individual effects, Fig. 8. 

3—Within the range of precompression and the 

number of cycles investigated, precompression ac- 
celerates the approach of fracture, Fig. 6. 

4—Cyclic straining permanently damages the 
material, Figs. 10 and 11. 

5—A pronounced yield jog appears after repeated 
tension cycles, and the flow and fracturing charac- 
teristics are slightly lowered, Fig. 12. This yield 
jog is not present in the virgin unstrained metal. 
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by A. T. Robin 


Effect of Alloying Elements on The 


Electrical Resistivity of Aluminum Alloys 


The electrical resistivities of aluminum alloys containing Cu, 


n and J. E. Dorn 


Ge, Zn, Ag, Cd, and Mg were found to increase linearly with the 
atomic percentage of the solute atoms. Application of Linde’s rule 
to these data suggests that each aluminum atom contributes 2.5 


LTHOUGH aluminum invariably exhibits a 
valence of three in ionic solids, it does not fol- 
low necessarily that its valence in the metallic state 
is also three. As a matter of record, many properties 
suggest that the number of bonding electrons in 
metallic aluminum is less than three. For example, 
as shown in Fig. 1, the atomic radii’ of the metallic 
elements in the solid state decrease with increasing 
atomic number at the beginning of any one period. 
The atomic radius of aluminum, however, is greater 
than that which would result from a regular de- 
crease in atomic radius with increasing atomic num- 
ber, suggesting that the number of bonding electrons 
in aluminum is somewhat less than three. 

Correlated with the anomalously large atomic 
radius of aluminum is its abnormally low melting 
temperature. As the atomic numbers increase in any 
one period, the melting temperatures of the metallic 
elements increase.” As shown in Fig. 2, however, 
the melting temperature of aluminum (13) is only 
slightly greater than that of magnesium (12). Again 
the number of bonding electrons in metallic alumi- 
num appears to be nearer tv’o than the expected 
value of three. 

In addition Ageev and Ageeva’ calculated the 
electron density distribution in the aluminum lat- 
tice. A comparison of such electron density curves 
for various assumed valence states of aluminum 

A. T. ROBINSON, Student Associate AIME, is Research Engineer 
and J. E. DORN, Member AIME, is Professor of Physical Metallurgy, 
University of California, Berkeley, California. 

Discussion on this paper, TP 3066E, may be sent, 2 copies, to 
AIME by Aug. 1, 1951. Manuscript, Dec. 18, 1950; revision, March 
16, 1951. Detroit Meeting, October 1951. 
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electrons to the metallic bond. 


with experimentally determined curves suggests 
that the actual number of bonding electrons in 
metallic aluminum is between two and three. Hume- 
Rothery and Raynor’* have suggested that the 
above-mentioned abnormalities are associated with 
the overlapping of the Brillouin zones of metallic 
aluminum when it is in the usual face-centered 
cubic structure. 

The importance of the number of bonding elec- 
trons in metals has been extended recently into the 
field of mechanical properties. While formerly it 
was thought that the plastic properties of alpha solid 
solutions were primarily dependent upon the lattice 
strain induced in the solvent by the solute, it is now 
known that the difference in the number of bonding 
electrons of the solute and solvent also has its in- 
fluence on the plastic properties.” In order to 
achieve a satisfactory correlation of the effect of 
alloying elements on the plastic properties of 
aluminum alloys,” ’ however, it was necessary to 
assume that the number of bonding electrons con- 
tributed by aluminum was about two rather than 
the expected value of three. It appeared to be de- 
sirable, therefore, to seek other criteria for evaluat- 
ing the number of bonding electrons contributed by 
aluminum to its alpha solid solutions, especially in 
view of the practical as well as the theoretical im- 
portance of the effect of valency on the plastic prop- 
erties. 

Norbury” was perhaps the first to illustrate that 
the increase in resistance of alpha solid solutions is 
associated with the differences in valence of the 
solute and solvent metals. In a series of illuminating 
investigations Linde’ has shown that the electrical 
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Fig. | ‘above! —Variation of interatomic distances with atomic 
number. Data from Metals Handbook 


Fig. 2 (‘below!—Variation of melting temperatures with 
atomic number. Data from Metals Handbook. 
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Table |. Equation Constants Used for the Calculated Change in 
Resistance of Copper, Silver, and Gold Alloys 


Atomic 
Element Number 73 ky ke 
Copper 
Cu 29 le 
Zn 0 2 0.4175 0 
Ga 3 0.4175 0 
Ge 4 0.4175 0 
As 13 5 0.4175 0 
Ag 47 1 0.322 0.1172 
Cd 48 2 0.322 0.1172 
In 49 3 0.322 0.1172 
Sn 50 4 0.322 0.1172 
Sb 51 5 0.322 0.1172 
Au 79 1 0.478 0.522 
He 80 2 0.478 0.522 
Silver 
Cu 29 1 0.536 0.0683 
Zn 0 2 0.536 0.0683 
Ga 0.536 0.0683 
Ge 2 a 536 0.0683 
As 3 5 0.536 0.0683 
Ag a7 le 
Cd 48 2 0.456 0 
In 49 3 0.456 0 
Sn 0 4 0.456 0 
Sb i 5 0.456 0 
Au 79 1 0.437 0.358 
He 80 2 0.437 0.358 
Ti 81 3 0.437 0.558 
Pb 82 4 0.437 0.3538 
Bi 83 5 0.437 0.358 
Geld 
Cu 29 1 0 488 0.4403 
Zn 0 2 0.488 0.4403 
Ga 1 ; 0 488 0.4403 
Ge 32 4 0 488 0.4403 
Ag a7 1 0.3214 0.314 
Cd a8 2 0.3214 0.314 
In 49 0.3214 0.314 
Sr 0) 4 0.3214 0.314 
Au 79 1 
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Fig. 3—Agreement between calculated and observed resistance 
of various solid solution alloys of copper. 


resistivity of alpha solid solutions in copper, silver, 
and gold closely obey the empirical relationship: 


Ap {k, + k, (Zs -Z,)°A [1] 


where A is the atomic pct of the solute, Z, is the 
valence of the solvent, Z, is the valence of the solute, 
Sp is the increase in resistivity per addition of A, 
and k, and k, are constants for any one period from 
which the solutes are selected. 

The validity of the above relationship for alloys 
of copper is illustrated in Fig. 3 where the observed 
Ap is plotted as a function of the calculated Ap using 
the values of k, and k, given in Table I. In Figs. 4 
and 5 are shown the validity of eq 1 for silver and 
for gold alloys using the data of Table I. The good 
agreement between Ap observed and Ap calculated 
reveals that eq 1 is quite accurate for the alloy sys- 
tems which have been investigated. 

It has been shown by Mott” ” that the results of 
Linde as expressed by eq 1 have, in part, a simple 
theoretical explanation: The core of the solvent 
atom has a charge of Z,e whereas the core of the 
dissolved atom carries a charge of Zge which differs 
by (Zg — Z,, )e from that of the solvent. But since 
the intensity of the scattering of the conduction 
electrons is proportional to the square of the scat- 
tering charge, the change in resistivity should be 
proportional to (Zg — Z, )* when other factors are 
neglected, 

In view of the above evidence, it should be possi- 
ble, by application of eq 1 to alpha solid solutions 
of aluminum, to deduce the value of Z,,, namely the 
charge on the core of the aluminum ions in metallic 
aluminum. 

Materials for Investigation 

The alloys examined in this investigation were the 
same as those previously used for the determina- 
tion of the effect of alloying elements on the plastic 
properties of aluminum." * Their chemical analyses 
and their lattice constants are recorded in Table II. 
Each alloy was homogenized, cold rolled, and re- 
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Fig. 4 (above) —Agreement between calculated and 


observed resistance of various solid solution alloys 
of silver. 


Fig. 5 (below!—Agreement between calculated and 
observed resistance of various solid solution alloys 
of gold. 


3 ¥ 
ie 
= 
= 
J 
4 
a * 
A » In 
Ge e 9 
© 49 
° 
2 4 6 8 10 


2p CALCULATED MICROHM CHS 


Table 11. Chemical Analyses and Lattice Constants 


Alley- ka Units Residual Impurities, Wt Pct 
ing 25°C Ana 
Ele- Atomic Lattice Atemic 
ment Pet Constant Noe. si Fe cu Mg Mn 
Mg 0.554 4.0432/6) 12 0.003 0.003 0.007 
1.097 4.045415) 0.004 0.004 0.007 
1617 4.0474/9) 0.003 0.004 0.006 
Cu 0.029 4.0411/0) 29 0.003 0.004 0.0006 0.001 
0.054 4.0408(7) 0.003 0.004 0.0007 0.001 
0.101 4.0406/9) 0.003 0.003 0.0006 0.001 
0.233 4.0403/8) 0.003 0.004 0.0006 0.001 
Zn 0.211 4.041143) 30 «640.004 60.004 0.006 0.001 
0.402 4.0409/8) 0.004 0.005 9.006 0.001 
0.755 4.0407(1) 0.004 0.005 0.006 0.001° 
1616 4.0402/0) 0.003 0.005 0.007 0.001 
Ge 0.015 4.0413/0) 32 0.004 0.004 0.006 0.001 
0.033 4.041315) 0.004 0.004 0.006 0.001 
0.082 4.0413/9) 0.003 0.005 0.007 0.001 
0.145 4.0414/(9) 0.003 0.006 0.007 0.001 
Ag 0.025 4.0412/8) 47 0.003 0.005 0.006 0.001 
0.053 4.0412/9) 0.003 0.005 0.006 0.001 
0.100 4.041311) 0.003 0.005 0.007 0.001 
0.194 4.041311) 0.003 0.006 0.007 0.001 
Cd 0.012 4.0411/6) 48 0.004 0.005 0.006 0.001 
0.029 4.0411/0) 0.004 0.005 0.006 0.001 
0.043 4.0410/6) 0.004 0.005 0.006 0.001 
0.065 4.0410/6) 0.004 0.005 0.006 0.001 
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Fig. 6—Effect of alloying elements on the 
resistance of aluminum. 


crystallized to approximately uniform grain size 
preliminary to the determination of the resistivity. 


Experimental Procedure 


Sheet-type specimens having nominal dimensions 
of 0.070 in. thick and 0.250 in. wide were used in 
this investigation. Their resistance was determined 
by means of a precision Kelvin double bridge 
ohmmeter, the specimen length between the poten- 
tial leads of the Kelvin bridge being fixed at 2.750 
in. The width and thickness of the specimens were 
measured at three points along their length by 
means of a vernier micrometer with a least count 
of 0.0001 in. The errors in the resistivity resulting 
from errors in gaging the specimen were determined 


Table Ill. Effect of Alloying Elements on the Electrical Resistance 
of Aluminum, Measured Values 


Atemic Ave 
Alley Pet Microhm Cm Microhm Cm 
Me 0.554 3.030 0.250 
1.097 3.296 0.516 
1.617 3.520 0.740 
Cu 0.029 2.732 0.021 
0.054 2.747 0.036 
0.101 2.793 0.082 
0.233 2.889 0.178 
Zn 0.211 2.764 0.044 
0.402 2.811 0.091 
0.755 2.902 0.182 
1.616 3.110 0.390 
Ge 0.015 2.760 0.013 
0.033 2.772 0.025 
0.082 2.811 0.064 
0.145 2.860 0.113 
Ag 0.025 2.755 0.033 
0.053 2.775 0.053 
0.100 2.838 0.116 
0.194 2.939 0.217 
Ca 0.012 2.745 0.007 
0.029 2.755 0.017 
0 043 2.760 0.022 
0.065 2.777 0.039 
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Fig. 7—Agreement between calculated and observed resistance 
of various solid solution alloys of aluminum 


The sensitivity of the Kelvin 
which was used was slightly 
better than +0.5 pct. Total errors from these sources 
may have amounted to about +0.5 pct (or +0.015 
microhm cm) of the calculated resistivity 

All resistance measurements were made at at- 
mospheric temperature (22° to 26°C) and were 
corrected to 24°C. Since the temperature coefficient 
of resistivity of dilute alloys is known to be prac- 
tically independent of composition,” a correction of 
0.00429 microhm cm per “C appropriate for 99.996 
pet Al” was applied to each of the alloys 


to be insignificant 
bridge in the range 


Experimental Results 


The resistivities of the various alloys as a func- 


tion of atomic percentage of the alloying element 
are given in Table III and plotted in Fig. 6. The 
usual linear increase of the resistivity of dilute 


solutions with atomic percentage of alloying element 
was obtained. The value for the electrical resistivity 
for pure aluminum was obtained by extrapolation of 
the data for each alloy series to zero concentration 


Discussion and Conclusions 


The atomic number and Z, of each of the alloying 
elements used in this investigation are given in Table 
IV. Since elements Cu (29), Zn (30), and Ge (32) 
are in the same period of the periodic table, Nor- 
bury’s rule as given by eq | was applied to the data 


Table IV. Equation Constants Used for the Calculated Change in 
Resistance of the Aluminum Alloys 
Atomic 
Klement Neo Z 

Mz 2 2 1.832 0 

Al 25 

Cu 29 1 

Zn ah 2 0.2675 0.1731 

Ge 2 4 

Ag 47 1 

Cd 48 2 0.2535 0.5446 
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obtained from these elements to determine k,, k,, 
and Z, . The value of Z, thus obtained was 2.50 
and indicates again that the aluminum ion in the 
metallic state has a charge of about —2.5 electrons. 

Using the values of k, and k, given in Table IV and 
assuming that the ionic charge of aluminum is —2.50 
electrons, the correlation between Ap calculated and 
Ap observed shown in Fig. 7 was obtained. 

Thus, the effect of alloying additions of Cu, Zn, 
Ge, Ag, Cd, and Mg to aluminum on its electrical 
resistivity has been determined; and applying the 
Norbury rule to the resistivity of aluminum alloys 
suggests that the apparent vatence of aluminum is 
approximately 2.5. 
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METHOD has been described by Andrade’ for 
obtaining very rapid grain growth so that 
single crystals of high melting point metals could be 
made with comparative ease. The furnace construc- 
tion was essentially a very thin wire through which 
was passed an electrical current so that “a high 
uniform temperature” was maintained. The wire 
was surrounded by a fused quartz tube from which 
the air had been evacuated. Andrade applied this 
method to the growth of single-crystal wires of 
alpha iron, and Tsien and Chow’ prepared single 
crystals of molybdenum 0.25 mm diam in this way. 
In the present report a method is described in 
which the basic idea of the Andrade furnace is 
utilized. However, modifications are employed so 
that large single crystals of molybdenum or of any 
refractory metals can be grown. 


Furnace 


The modified Andrade furnace is shown in Fig. 1, 
and the detailed drawing of its construction can be 
seen in Fig. 2. The furnace proper consists of a 
212-in. diam fused silica tube, 20 in. long, which is 
evacuated continuously at the bottom. Two water- 
cooled copper electrodes hold the specimen by 
means of collets held in place in the electrodes by 
set screws. These electrodes serve also to transmit 
power to the specimen. The lower electrodes can 
be clamped to the stand, while the upper electrode 
is fastened in place to the bellows which in turn is 
further connected to one side of the lever arm, 
flexibly supported at the top. After the specimen 
is mounted and the vacuum is secured, the lever 
arm is adjusted by means of the counter weight so 
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Fig. 2—Details 0 modified Andrade furnace. 


8—Flexible link 
9—Beam weight 
10—Beam 
11—Adjusting screw 
12—Lower electrode 
13—Lower electrode lock 
14—Gas outlet 
15—Reduction gears 
16—Indicating needle 


1—Motor and tube support 


2—Electric motor for raising 
subsidiary furnace 


3—Jack screw 

4—Subsidiary furnace (nichrome) 
5—Fused silica tube 

6—Bellows 

7—Upper electrode 
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that the bellows is at its relaxed position. This in- 
sures that the total weight of the specimen, the 
upper electrode, and the downpull of the vacuum 
are balanced by the horizontal beam. Any expan- 
sion of the specimen on heating should proceed 
freely, if other frictional forces could be neglected 
During the time of heating the specimen, the beam 
is maintained in a horizontal position by turning 
the nut at the top, the rotation of the electrode is 
prevented by a key fitted into a groove. This ar- 
rangement proved very desirable in that buckling 
of the specimen during the high temperature treat- 
ment was avoided 

The power is supplied by a motor generator set 
with a capacity of 550 amp at a maximum of 24 v 
Results indicated that for a 's-in. diam, 6-in. long 
molybdenum rod, a current in the vicinity of 210 
amp at 2.5 v could heat the specimen up to an 
average temperature of 2000 C 

The subsidiary external furnace is wound with 
nichrome so that the electric heating zone is a 
cylindrical band ‘ in. wide. It can be raised or 
lowered by the attached motor whose speed may be 
varied by means of an electronic controller from 0.5 
to 15 in. per hr. 


Temperature Measurement 
The average temperature of the specimen can be 
from the change in its resistance with 
As may be seen in Fig. 3, a linear re- 
lationship of specific resistance of molybdenum 
with temperature exists up to its melting point. 
Thus, when the total current is measured, together 
with the voltage drop across the specimen, the cor- 
responding resistance can be used to indicate the 
average temperature. Fig. 4 shows the E-I charac- 
teristic curve, measured for three specimens of 
'x-in. Fansteel molybdenum rod, 6 in. long. The 
current through the specimen is adjusted by con- 
trolling the field resistance of the generator with 
electric stoves and a rheostat. After the current 
and voltage have been stabilized corresponding to 
temperature of the specimen, 
maintained for a 


measured 
temperature 


a particular average 
this equilibrium condition can be 
long time 
Experimental Results 
The original material used was 's and ‘'4-in 
diam, 6-in. long Fansteel molybdenum with a grain 
size far smaller than could be denoted by any 
ASTM designation, as shown in Fig. 5. Its longitud- 
inal section exhibited long fibrous grains, Fig. 6 
The first specimen, M-1, was heated to an average 
temperature of about 2000°C for 90 min. Since no 
arrangement was designed to account for the ex- 
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Fig. 3—Eftect of temperature on electrical resistance of 
molybdenum 
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pansion of the specimen in this first run, the speci- 
men buckled and broke into three pieces, with a 
brittle fracture, when disassembled from the fur- 
nace. Nevertheless, back-reflection Laue photo- 
grams exhibited a large amount of grain growth 
in this short period of heat treatment, as shown in 
Fig. 7. Three other specimens, M-2, M-3, and M-4, 
were heated in the furnace according to the time- 
temperature curve shown in Fig. 8. These attempts 
still resulted in buckling of the specimens which 
was probably due to the force necessary to overcome 
friction in the system, namely, friction of the elec- 
trodes against the surface of their receptacles. This 
was overcome by minimizing the friction. 

From Fig. 7 it may be concluded that all three 
specimens resulted in single crystals of certain 
lengths. M-3 revealed three grains thermally 
etched, each extending through the whole crystal 
with lengths of *4 to 1'4 in. The surface of the 
specimen was bright, the grain boundaries being 
clearly revealed when the specimen was removed 
from the furnace. All specimens were electrolyti- 
cally polished using an electrolyte of 300 ce methy] 
alcohol, 60 ce H.SO,, 130 ce HCl, and a current 
density of 4 amp per sq in. After etching with 
NaOH-KFe,(CN), solution, the grain boundaries of 
the large grains, as well as some surface grains dis- 
tributed as islands in the large grains, could be 
observed. Thus M-2 showed a grain about 2/5 in. 
in length which confirmed the X-ray observations 
shown in Fig. 7, although the lower middle photo- 
grams, M-2, exhibited three grains and M-4 two 
large grains about 1'4 in. long extending through 
the whole specimen. The polycrystalline material 
shown adjacent to the large single grain in Fig. 9 
had an average ASTM grain size of No. 3. With the 
'4-in. material it was found necessary to recrys- 
tallize the as-received molybdenum rod and to ex- 
tend the specimen 1 to 2 pct in order to provide 
a strain. Following this procedure, a total of 7 hr 
was required to produce single crystals approxi- 
mately 1% in. long 

While the specimen was maintained at high tem- 
perature, considerable evaporation occurred and a 
film of metal formed on the inside wall of the silica 
tube. The zone of this deposition extended through 
the middle 6 in. of the tube 


Discussion 


The modified Andrade equipment has overcome 
the limitations of the original Andrade method in 


CHARACTERISTIC CURVE 
FOR 1/8 INCH FANSTEEL ROD 


100 
AMPERES 

Fig. characteristic curve for 's-in. Fansteel molybdenum 

rod 6 in. long. 
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Fig. 5 ‘left)—Grain size of as-received 
Fansteel molybdenum 's-in. rod cross- 
section. Etchant NoOH:K.Fe'CN).. X100. 


Fig. 6 ‘right)—Grain size of as-received 
Fansteel molybdenum 'g-in. rod longi- 
tudinal section. Etchant NoOH:K.Fe(CN).. 
X100. 


that only very fine wire could be used with his 
equipment as a starting material. With the present 
arrangement, material of rather large size, i.e., 42-in. 
rod, can be converted into single crystalline form. 
The very rapid grain growth observed in these 
experiments over the relatively short time em- 
ployed is of great interest. Since both ends of the 
specimen are at room temperature, about 35°C, 
where the center section is maintained at a tem- 
perature higher than 2000°C, a very sharp tempera- 
ture gradient exists in the specimen. It is not 
known whether the sharp gradient or the high 
temperature is responsible for the rapid grain 
growth, nor is it possible at the present time and 
with the present equipment to measure or calculate 
accurately the temperature gradient along the rod. 
A simple uniform variation of temperature was 
assumed and the average temperature resulting 


from this distribution was calculated. With this 
assumed temperature gradient the total average 
resistance assuming different lengths of rod was 
determined. By this method the temperature of the 
rod was calculated as shown in Fig. 8. There was 
little doubt that the temperature at the center of 
the rod exceeded 2000°C when the average tem- 
perature for a length of 4 in. was measured as 
2000°C. 

It is interesting to note that Tsien and Chow, in 
their original experiments, used the subsidiary fur- 
nace “to establish a temperature gradient.”” With- 
out the use of the subsidiary furnace, single crystals 
never exceeded 2 mm in length. However, it is 
probable that the external furnace has little or no 
effect on the final outcome of the experiments since 
the sharpest temperature gradient exists in the 
specimen itself as a result of the water-cooled ends. 


Fig. 7—Back-reflection Laue photographs. Specimens M-2, M-3, and M-4 were treated as shown in Fig. 8. 
Original material, upper left. Specimen M-1, 40 min at 2000°C, lower left. Specimen M-2, upper center. Specimen M-2, lower 
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center. Specimen M-3, upper right. Specimen M-4, lower right. 
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1927 | Fig. 8 ‘left)—Time-temperature curve 
showing heating process of specimens 
1627 THEORETICAL M-2, M-3, and M-4. 
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Fig. 9 (right)—Interface 
between single crystal and ‘ 
fine grained molybdenum 


rod. Electrolytically polished. 


Etchant, NoOH:K.Fe(CN 
x150 


No observable difference in the results could be of the furnace and L. G. Richards for metallographic 
noted when the external furnace was used in the work is gratefully acknowledged. 
present case 
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Corrections 


In the February 1951 issue: Observations on Rimming Steel Ingots by A. Hultgren, G. Phragmen, S. Wohlfahrt 
and J. E. Ostberg. P. 103, in the footnote 7 transformation should read 5 to 7 transformation. P. 105, the last 
sentence of the ninth paragraph, col. 1, should read: “In the middle portion along the axis, a set of fine pores 1s 
seen.” In the next paragraph, the next to the last sentence should read: “For this reason the final stage of freez- 
ing was associated with a small amount of shrinkage and, in consequence, only small pores and few blowholes 
were formed.” P. 110, in the last sentence H. Gillo should read H. Gille. 


In the February 1951 issue: TP 3002E. Effect of Ternary Additions on the Age-Hardening of a Copper-Silver 
Alloy by Harold Margolin and Walter R. Hibbard, Jr. P. 176, Table II, under the heading “3rd Element, Wt Pct” 
the value for Cu-Ag-Zn should be 0.975 and not 0.075 


In the December 1949 issue: The Properties of Sand Cast Magnesium-Rare Earth Alloys by Thomas E. 
Leontis. P. 974, in Table VII, the tabulated creep limits for 300°F are actually the values for 400°F, which are 
the same as those plotted in Figs. 18, 19, and 20. The values intended for Table VII under 300°F are as follows: 


Table Vil. Creep Limits at 500°F 
Creep Limit, 1000 psi 


Alloy No. Composition, Pct 0.1 Pet 0.2 Pet 0.5 Pet 
Creep Total Total 
Extension Extension Extension 


300°F 


2 Mischmetal 7.8 6.2 8.0 
3 1.15 Mischmetal 7.9 6.1 7.2 
5 1.62 Mischmetal 8.5 6.4 8.3 
6 2.50 Mischmetal 9.7 7.3 9.2 
7 2.85 Mischmetal 12.2 9.0 11.0 
8 3.23 Mischmetal 13.0 10.0 12.3 
9 6.33 Mischmetal 15.5 12.0 14.8 
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Relationships Between Germanium and Cadmium 


In the Electrolysis of Zinc Sulphate Solutions 
by S. T. Ross and J. L. Bray 


The paper provides electrometallurgical data on the problem of 


germanium removal from zinc sulphate solutions. Germanium traces have 
caused much concern to the zinc refiner. Confirmatory evidence of inter- 
action between germanium and cadmium is presented. Statistical analysis 
of data expands its significance and enhances its value. Further research 


HE literature contains many references to the 
effects of trace amounts of germanium in the 
production of electrolytic zinc. One of the authors 
had experience with this troublesome element as 
early as 1917 at Trail, B. C. In 1929, Tainton and 
Clayton’ reported that concentrations of as little as 
one part per million of germanium were sufficient 
to cause serious losses in current efficiency. Liddell 
reported that trace amounts of germanium cause 
marked lowering of the hydrogen overvoltage of 
electrolytic zinc cells, so that commercial produc- 
tion was impaired. Bray’ recorded the history of 
germanium in relation to electrolytic zinc produc- 
tion, noting that concentrations below 10 ppm have 
been found to yield low current efficiencies and 
copious hydrogen evolution. Koehler’ stated that 
germanium “when present to the extent of a small 
fraction of one part per million per liter, causes 
serious evolution of hydrogen with a corresponding 
reduction in current efficiency.” 

Recently, however, S. W. Ross’ reported, from 
Risdon, Tasmania, that “in the course of leaching... 
dissolved traces of germanium...if not removed 
almost completely ... increase the reversion of cad- 
mium during the filtration of the copper-cadmium 
precipitate and reduce the current efficiency during 
subsequent analysis.” The copper-cadmium pre- 
cipitate referred to is the residue from the zinc- 
dusting purification of zinc sulphate leach solutions. 

In the face of such conflicting testimony and with 
the increasing industrial importance of pure ger- 
manium and zinc it was decided to investigate the 
relationship between cadmium and germanium. 
Furthermore, other work by the authors showed 
certain discrepancies to exist in the theories of 
Tainton, et al. In the laboratory, without marked 
efficiency decreases, the authors have deposited zinc 
successfully from solutions containing as high as 
1 g per liter of germanium. This cculd be done 
only when there was no cadmium present. 

Preliminary investigations of the suspected rela- 
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is outlined. 


tionships were carried out by means of emission 
spectrographic analysis using a beryllium internal 
standard. Several solutions containing 100 g per 
liter of zinc, as zinc sulphate, and 1 g per liter of 
cadmium, as cadmium chloride, were prepared. 
These concentrations were on the order of those ob- 
tained during a commercial low-acid leaching proc- 
ess. Varying concentrations of germanium were 
added to these solutions so that the range of 0.0000 
to 0.5000 g per liter of germanium was covered. A 
250 ml sample of each solution was agitated with 
2.5 g of zinc dust for 30 min, filtered, and the filtrates 
were examined spectroscopically. Qualitative evi- 
dences of cadmium traces were found in those fil- 
trates which originally contained above 10 ppm of 
germanium. Reliability of the analytical method 
did not permit quantitative investigations since cad- 


Table |. Current Efficiencies Obtained at 0.0000 and 1.5000 G 
per Liter Cadmium Concentrations 


Ge Concentration,* Cd Concentration,* Efficiency, 
G per Liter G per Liter Pet 
0.0000 0.0000 94.270 
0.0010 0.0000 94.849 
0.0050 0.0000 92.649 
0.0075 0.0000 94.039 
0.0100 0.0000 96.084 
0.0000 1.5000 93.460 
0.0010 1.5000 95.158 
0.0050 1.5000 92.148 
0.0075 1.5000 91.260 
0.0100 1.5000 84.546 


* Cd and Ge concentrations shown are those existing before zinc- 
dust purification 


mium determination in the concentrations present 
in zine-dusted solutions lacks sufficient sensitivity 
for reproducible results. 

As a consequence of the inability of the investi- 
gators to obtain acceptable results through direct 
quantitative analysis, an indirect approach was de- 
vised. This indirect method involved a study of the 
current efficiency, in a model zinc cell, as a function 
of the concentrations of cadmium and germanium. 
Variables such as cell temperature, voltage, current 
density, anode spacing, relative electrode area, de- 
gree of agitation, cathode preparation technique, 
time, acid concentration, and solution volume were 
held constant. 

Fig. 1 shows the cell used. The current was fur- 
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; Pheestat cathode before and after electrodeposition, and the 
a weight of zinc deposited was obtained as a differ- 
tf ence. The current efficiency of each run was cal- 
| “ 
fer * culated according to Faraday’s law 
Experimental Results 
| ve 


Battery Gark Table I lists the analyses, before zinc dusting, and 
current efficiencies obtained from solutions varying 
from 0.0000 to 0.0100 g per liter of germanium at 
the 0.0000 and 1.5000 g per liter concentration levels 

7000 #/ Beate? of cadmium. The time of each run was 30 min. Fig. 

2 shows that the current efficiency, when plotted 

against the germanium concentration, tends to drop 

off rather sharply with increasing germanium con- 


Sheellead 


4 2a Faken tent at the 1.5000 g per liter level of cadmium con- 
centration, while remaining relatively constant at 
Cathode Clamp the 0 0000 g per liter cadmium concentration level. 
Sheol Expanded Data: For evidence of the interaction 
heed, 0.080 between cadmium and germanium, the data were 
~f4 expanded and an analysis of variance was per- 
~ formed. For cadmium concentrations of 0.0000 to 
Spacer — | 2.5000 g per liter in combination with germanium 


contents of 0.0000 to 0.1000 g per liter, three plating 
runs were made for each zinc sulphate solution. The 
Fig. 1—Model zinc ceil runs were of 60, 30, and 15 min duration to obtain 
replication of the statistics, as well as to investigate 


nished by a 10 v storage battery bank. The anodes the variable of plating time. All other factors were 


were high purity sheet lead, approximately 2x4x'4 


in. The cathodes of 2S aluminum alloy sheets were Table Il. Effect of Ger and Cad on Current Efficency 
0.060 in. thick, '% hard, cut into l-in. squares. The 
anodes were separated by a wooden spacer which ca Ge. G per Liter 
had been dipped in paraffin to prevent possible side G per Time 
reaction from occurring The current wa kept Liter Min 0.0000 o.oole 0.0050 0.0075 0.0100 
constant at 0.425 amp for each run—a current 
. 0.0000 60 96.971 94540 94.27 90.12 95.273 
density of approximately 30 amp per sq ft. Each se 10 94270 94.849 92.649 94.039 96.084 
run was accomplished at room temperature without 15 92.997 84.077 96.238 89.524 92.379 
agitation. Each solution contained 100 g of zine per 1.0000 60 96.991 94.347 94.223 92.186 87.402 
95.505 93.7: 53 7 2 
liter, as zine sulphate, and each run was made with 
a 250 ml volume of solution. Each cathode was de- 5 
5000 60 95.119 94.521 93.317 92.206 84.321 
greased with trichloroethylene before electrolysis 0 93.460 95.158 92.148 91.260 84 546 
Each solution was treated with 2.5 g of zinc dust for aS ses as as 6S 6 
10 min, with agitation, and filtered before electroly- 2.0000 60 92.997 92.977 84.276 88.135 
30 94 965 91.341 89.833 82.688 
Measurements were taken of the weight of each 15 93.769 90.604 86.051 3.712 
2 5000 oO 95 659 92.611 88 289 87.446 
0 94.077 91.120 89.138 83.418 
00 2 15 94.926 87.980 87.517 85.125 
og per Wer Cd 
goo? * These statistics were obtained from conversion of the weights 
if deposited zinc through the appiication of Faraday’s law The 
statistics are current efficiencies in percent Percent current effi 
clencies Wt Zn x 1157.636 . Cadmium and germanium concentra 
90 Time in min 
be "ha tions shown are those existing before zinc-dust purification 
> 
t held constant, as described before. Table II shows 
> = the tabulated results of 75 runs made in random 
> order. Randomization was achieved by assigning 
Vey numbers 1 to 75 to each run, and performing each 
~ | run in the order in which its number appeared in a 
table of random numbers as prepared by Fisher and 
x Yates.” Randomness was desired to remove as much 
5 of the cumulative effects of error as possible (e.g., 
| possible effects due to a build-up of anode reaction 
be | | products in the solutions, etc.) 
T 

f | Analysis of Variance: An analysis of variance 
was performed on the data of Table II using the 
method of Freeman. Essentially, the method con- 

Soli sisted of obtaining the variance due to each factor, 
0 00/0 0.0050 9.0076 0.07100 or combination of factors, and comparing it for sig- 
- ' nificance with the variance due to error 
Germanium Con, 9 per liter 
The significance of the interaction of cadmium 
Fig. 2—Current efficiencies at 0.0000 and 1.5000 g per liter and germanium concentrations was thus established 
Cd levels By indirect means, it substantiated the fact, only 
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hinted at by the spectrograph, that the chemical 
interaction of germanium and cadmium is of sig- 
nificance in consideration of electrolytic zine cell 
problems. Analysis of variance showed that the 
interaction of germanium and cadmium was of such 
statistical importance that it must be regarded as 
a factor in the variation of cell current efficiencies 
due to other than random causes 

Significance of Difference: To obtain further evi- 
dence of the relationship between germanium and 
cadmium, the solutions on the 0.0000 and the 1.0000 
g per liter levels of cadmium concentrations were 
investigated in a somewhat different manner. A 
test for the significance of the difference of the 
means of these two groups of data was made. The 
methods of “Student’” and Fisher” were followed 

Such calculations indicated that a statistically 
significant difference existed between mean values 
of the data. The primary assignable cause of that 
difference was variation of the cadmium concentra- 
tion. Such random errors as may have been intro- 
duced by slight fluctuations of other variables were 
minimized by the method of calculation 


Summary and Conclusions 

The significance of difference and analysis of vari- 
ance tests as performed on the above data substanti- 
ate the claim that definite interaction exists in the 
zine cell between cadmium and germanium con- 
centrations. Germanium alone, within normal op- 
erating limits, does not cause large current efficiency 
losses. Rather, this research indicates that the ad- 
verse effects of germanium are notably enhanced by 
the presence of cadmium, and that the presence of 
germanium in leach solutions of the commercial 
zine sulphate type precludes the complete removal 
of cadmium from them. This leads to further ques- 


tions, as yet unsettled. What, if any, are the effects 
of the interactions of other impurities such as ar- 
senic, antimony, bismuth, and lead, in the minute 
quantities found present after purification by pres- 
ent methods? How is the cell overvoltage affected 
by these interactions? What is the physical-chemical 
answer to the existence of such interactions? These 
are now being investigated in this laboratory. 

While the answers to these questions are of aca- 
demic interest, the commercial picture remains the 
same. Regardless of the nature of the interactions, 
germanium and cadmium must be removed in suffi- 
cient quantity before efficient electrowinning of 
germanium-tainted ores can be accomplished. It 
does not matter to the zinc producer whether ger- 
manium causes efficiency losses directly, or whether 
germanium and cadmium cause efficiency losses. In 
either event, the difficulty is there and a remedy 
must be found. 
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ACKOFEN reported recently that “the deforma- 
tion texture of cold-drawn OFHC copper wire, 
after a reduction in area of 97.3 pct, may still be 
described as a composite of [111] and [100] direc- 
tions aligned parallel to the wire axis.” In the in- 
troduction, he indicated that this was in contrast to 
the work of Hibbard,’ who reported a single [111] 
texture after a reduction of 96.4 pct. Unfortunately 
Backofen stated that this was a reduction in area 
when actually it was a reduction in diameter, as is 
clearly stated in the reference. Moreover, the re- 
sults of Backofen are in complete agreement with 
the results of Hibbard. Backofen’s 97.3 pct reduc- 
tion in area is an 83.3 pct reduction in diameter, 
after which he found a double [111 ]and[100] texture 
with the former predominating. Similarly, Hibbard, 
after an 86 pct reduction in diameter found a double 
[111] and [100] texture with the former predom- 

W. R. HIBBARD, JR., Member AIME, is Associate Professor of 
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Deformation Texture of Cold-Drawn Copper Wire 


inating. Hibbard, however, when he drew the wire 
further to 96.4 pct reduction in diameter, found 
primarily a single [111] texture as illustrated by 
Fig. 2 of ref. 3. Here also, Hibbard’ reported evi- 
dences of the [100] recrystallization texture found 
by Backofen. It might also be pointed out that 
Backofen not only drew his wire 97.3 pct reduction 
in area but also etched them over 99 pct reduction 
in area from 0.125 to 0.01 in. diam. Hibbard’s wires 
were drawn directly to size. 

In summary, the deformation texture of cold- 
drawn copper wire still may be described as pri- 
marily a single [111] texture after a sufficient 
amount of drawing, such as 96.4 pct reduction in 
diameter.” * 
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Electric Furnace Melting Of 


Copper at Baltimore 


HE final casting of refined copper has been re- 

stricted for generations by the following sequence 
of operations: Filling the reverberatory furnace, 
melting, skimming, blowing or flapping, and poling. 
The hoped-for 24 hr cycle, producing 300 tons or 
more, has been taken up largely with the necessary 
but time-consuming tasks of cleaning the bath, sul- 
phur elimination, and in turn removal of excess 
oxygen to produce tough-pitch copper. Incidental to 
comparatively slow melting under combustion gases, 
copper oxides react with the furnace lining, and the 
slag so-formed must be completely recycled. 

The three-phase arc furnace has eliminated some 
of the cycle stages, and telescoped the remainder 
into a continuous operation. Electrical energy, sup- 
plied to graphite electrodes enclosed in high grade 
refractories, rapidly melts copper cathodes and sus- 
tains a stream of metal, containing approximately 
0.01 pet oxygen, without contamination from fuel. 

The arc was struck on the first large electric fur- 
nace for melting copper in the United States on April 
13, 1949. The earliest use of this type of furnace was 
at Copper Cliff, Ont., in 1936, and an admirable de- 
scription of their installation has been published. 
Copper, melted in the Baltimore furnace, is used to 
cast billets, and the installation differs somewhat 
from the Canadian, as will be described. 

The are furnace is a heavy-duty, three-phase fur- 
nace, holding 50 tons, the general outline of which 
appears on Fig. 1. The steel shell is 15 ft ID with a 
bottom radius of 14 ft 2 in. The roof, separate and 
distinct from the body, consists of a 15-ft water- 
cooled, cast-steel ring of the same outside diameter 
as the furnace. The center line of the furnace lies 
9 ft 6 in. from that of the trunnions, permitting a 5 
backward tilt for skimming, and a 40° maximum 
nose tilt forward for complete draining. Normally, 
the furnace overflows by displacement, and the use 
of the forward tilt arrangement is restricted to cover- 
ing charging delays 

The charging slot, 3 ft 8 in. x 5 in., lies on the 
north center line, the tap hole on the south, and the 
30x30 in. skim door 45° to the west of the slot. 

The original 20-in. graphite electrodes were re- 
placed with 14 in. in December 1949. Three conven- 
tional direct current winch drives, governed by elec- 
trical controls, position each electrode which has 
individual mast supports and counterweights. An in- 
dependent circulation supplies cooling water for the 
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electrode glands, the roof ring, charge slot, and the 
skim door frame. 


Arc Furnace Refractories 


Hearth: Fused-in monolithic bottoms had been 
used in copper arc furnaces, installed prior to April 
1949. These consisted of thin layers of periclase, suc- 
cessively fused in place over preliminary brick 
courses. Heat was obtained from the arc, using a 
T-like arrangement of broken electrodes resting di- 
rectly on the periclase to be fused. The operation, 
taking weeks to perform, was very expensive. The 
chemically-bonded magnesite-brick bottom, installed 
at Baltimore, was the first of its kind and a radical 
departure from previous practice. 

It consists of a 1 to 6-in. layer of castable refrac- 
tory laid on the steel shell, modifying it to a 12 ft 
2 in. bottom radius. Two courses of 9x2 42-in. fireclay 
straights and keys follow. 

The third course is made of 9-in. magnesite blocks 
of special shape to form circles of an inverted arch. 
It was started by a four piece keystone with skew- 
backs forming the outer course. The fourth course 
also started on a central keystone, or button, of four 
90° segments, 12 in. diam x 13% in. deep, and con- 
tinued with 13'-in. blocks. Skewbacks at the shell 
completed the course to produce a horizontal surface 
for the side walls with a single course of No. 2 arch 
fireclay against the steel. 

Dry chrome-magnesite cement was brushed over 
each course after laying, and a 1-in. expansion space 
between the brick and the shell was filled with the 
same mixture. The total bottom thickness, exclud- 
ing the castable material, was 5 in. of clay plus 2242 
in. of chemically-bonded magnesite. 

Tap Hole: A 5-in. OD and 3-in. ID silicon-carbide 
tube constitutes the tap hole and is set tangential to 
the upper course of the furnace bottom. Molten 
metal fills the tube when the furnace is level and 
filled to capacity. 

Side Walls: The lining, against the shell, consists 
of a 9x4'2x3 in. soldier course of fireclay, using 
straights and No. 1 arches to turn the circles. A 
second soldier course of 9x442x2'2-in. fireclay was 
laid in a somewhat similar fashion. 

Three courses of 13%2x6x3 in. and 9x6x3 in. of 
final magnesite, laid flat, completed the lining, using 
Nos. 1 and 2 keys to turn the circles. Cardboard 
spacers were placed between every two bricks in 
horizontal courses, and a thin coat of chrome-mag- 
nesite cement filled the joints between the firebrick 
and magnesite. A sprung-arch spanned the skim 
door with jambs of suitable magnesite shapes. 

Charge Slot: The slot is 3 ft 8 in. wide x 5 in. high. 
A silicon-carbide sill of special shapes has a 30° 
slope to allow cathodes to slide easily into the bath. 
The original arch was flat, and composed of Nos. 1 
and 2 wedge magnesite with a 6-ft radius. It pro- 
jected 5 in. over the sill, and, being a flat arch, gave 
an 18 15/16-in. opening between the inner edge and 
the metal line. The whole assembly was later raised 
9 in., and the flat arch replaced with an arch, the 
lower edge of which maintained the 5-in. width from 
the outer to inner edges as shown in Fig. 2. A water- 
cooled, cast-copper jacket protects the steel shell 
behind the slot. 


PETER R. DRUMMOND, Member AIME, is Chief Metallurgist, 
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Roof: A single course of fire- 
clay skewbacks of special shape 
encircle the water-cooled ring. 
The remainder of the roof em- 
bodies standard sprung-arch 
construction, using bonded 9-in. 
magnesite of 3 and 2'%-in. 
arches, straights, and wedges 
with special shapes as required 
to turn the circles, and with 
cardboard expansion joints be- 
tween every fifth brick. The 
three electrode openings and a 
vent are turned respectively 
with 13%42x4'ox2' in. and 9x 
442x2'2 in. magnesite arches. 

Launder: A 30-ft  steel- 
framed launder, a cross-section 
of which appears on Fig. 1, con- 
nects the are furnace with a low 
frequency induction furnace. f 
Three 9x4'x21!s-in. silica insulating brick line the 
bottom with a course along each side, laid flat, leav- 
ing 2-in. side spaces which are both filled with loose 
silica insulation. Suitable fireclay shapes support the 
central silicon-carbide V channel, formed with one 
142-in. split laid flat and two 9-in. splits at a 60 
angle, giving a roughly equilateral channel 9 in. 
deep x 10 in. wide at the top. Joints are filled with 
silicon-carbide cement. Courses of clay brick, two of 
12x12x2 in. and one of 12x6x3 in. cover the channel. 

Induction Furnace: This holds about 5 tons, ap- 
pears in outline on Fig. 3, and serves merely as a 
reservoir between the arc and the casting ladles. 
Power control will be described under electrical 
equipment. Metal enters the unit from the launder 
through a 6 in. OD x 4 in. ID silicon-carbide tube 
inserted through one furnace trunnion. The furnace 
pours into casting ladles through a similar tube set 
at an angle to allow complete drainage without go- 
ing beyond 90° from the vertical. 

The unit comprises two sections: A body and sep- 
arate induction slot. A steel casing constitutes the 
vertical shell and is lined with one soldier course of 
4'2-in. insulating firebrick and a course of chem- 
ically bonded 9-in. magnesite keys. The steel roof 
cover is filled with a castable refractory and clamps 
to the shell. A rammed 9-in. Mullite bottom is con- 
nected with the slot proper through an opening 
241'2x6 in. tapering to 21142x3 in. 

The induction unit bolts to the foregoing. Each 
unit is rammed with Mullite, containing 6 pct mois- 
ture. This requires considerable technique, and once 
started, is carried to completion in 10 to 12 hr with- 
out interruption. After ramming, the units are heated 
electrically a1.d dried before being put into service. 

Two thermocouples, lying against the metal core 
bushing of the primary induction connect 
a recording potentiometer, by means of which core 
failure can be predicted. An independent 750 psi 
hydraulic system is used to tilt the induction unit 
for pouring about one ton of metal in 34 sec. 

Charging Machine: Cathodes, to be charged to the 
are furnace, are piled 20 high on pallets and travel 
by gravity on rollers to a shear, where the loops are 
removed. The cathode is then pushed into the charg- 
ing machine magazine, which constitutes a novel 
feature of the installation. 
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Fig. 1—Section through center 
magnesire line of arc furnace showing 
refractory lining. 


The storage magazine consists of two endless 
parallel chain conveyors, mounted on a frame at 60 
from the horizontal, to hold the cathodes. The chains 
earry a series of parallel plates, which form slots, 
and as a cathode comes to rest on one of them, its 
weight actuates a switch, energizing the drive motor 
to move the magazine one position upwards and so 
insure the presence of one sheet at a time in each 
slot. Fully loaded, the magazine holds approximately 
a 30-min supply for the furnace, and one man per 
shift can handle all charging into the furnace. 

An elevating mechanism is interposed between 
the storage magazine and the furnace charging slot. 
This descends on tracks until two hooked members 
intercept the first closed pair of magazine gates, 
holding the topmost cathode. The members energize 
suitable relays, stop the elevator, open the gates 
allowing the cathode to slide into the elevator, and, 
by automatically reversing the drive, return the 
carriage to the charging position. 

A timer, which can be set to charge cathodes at 
any desired rate, controls two more or less simul- 
taneous actions. It opens the furnace door and at the 
same time actuates a pusher which thrusts the 
cathodes through the slot. The ram withdraws, the 
furnace door closes automatically, and the elevator 
drops to continue the cycle. 

Electrical Equipment: The local electric utility 
company supplies power over a three-phase 60- 
cycle, 13.8 kv overhead line supported on wooden 
poles and pin insulators. The line terminates 100 ft 
from the furnace substation, where it changes to a 
three-conductor leaded cable laid underground in 
fiber ducts. 

The two-story furnace substation is of fireproof 
construction in conformity with the local building 
code. The first floor contains a six-section, high- 
voltage, metal-clad oil circuit breaker switch gear, 
station control battery, a necessary charging motor 
generator set, a furnace-rotating regulator set, and 
one six-circuit three-phase 440 v free-standing, 
metal-clad air circuit breaker switch gear serving 
arc furnace equipment. The second floor carries: one 
250 kva—13.8 kv primary to 480 v secondary self- 
cooled, oil-insulated, single-phase, 60-cycle trans- 
former for the low frequency induction furnace; one 
6000 kva—13.8 kv primary to 85 to 225 v secondary, 
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Fig. 2—Present charging slot 
water-cooled, oil-insulated, three-phase, 60-cycle 
transformer with tap changer for the are furnace; 
and one 750 kva—13.8 kv primary to 480 v second- 
ary, self-cooled, oil-insulated, three-phase, 60-cycle 
transformer serving arc furnace equipment 

The transformers stand directly above their re- 
spective oil circuit breakers and are wired with 
varnished-cambric, flameproof 


single conductor, 


cable through fiber ducts enclosed in steel. The floor 
is constructed to form a liquid-tight basin to take 
care of a possible transformer tank failure 

The are furnace transformer is in line with the 
vertical center line of the furnace and at sufficient 
height to minimize the heavy rigid secondary copper 
buswork and to provide clearance and free move- 


ment for the flexible cable loops between the bus 
and the electrode mast arms. The bare copper cables, 
connecting the bus and mast arms, consist of twenty 
1,500,000 circular mil and twelve 1,750,000 circular 
mil cables per phase 

The are transformer secondary is connected in Y 
and the primary in delta. The primary taps permit 
the following secondary line to line volts: 225, 208, 
190, 173, 156, 147, 130, 120, 110, 100, 90, and 85. At 
the present time the furnace is operated on 190, 173, 
156, and 130 v 

The furnace operating control panel is flush with 
the station wall, and the back is readily accessible 
for inside repairs through a door adjacent to the 
panel, The main initiating control for the charging 
machine is on the same panel, in addition to conven- 
tional instrumentation and are furnace controls 
A 12-lantern semaphore 
to one side of the operating panel, and a solenoid- 
operated air whistle attracts the operator's attention 
to: 1—Tripping of any of the substation high voltage 
breakers, 2——-power failure on the 250 v de supply 
exciting either the rotating regulator or the elec- 
trode winch motor, 3—overheating of the are fur- 
low transformer oil levels, 5 
cooling fan 


occupies position 


nace transformer, 4 
power failure on the induction unit, 6 
failure, 7—high are furnace side wall temperatures, 
8—charging machine failure, and 9—failure of sta- 
tion control battery charging equipment 

A silicon-carbide target tube is set flush with 
inner side wall lining of the are furnace, and a 
radiation pyrometer, sighted on this, indicates side 
wall temperatures which are recorded continuously 
An adjustable contact-making device connects the 
recorder with the semaphore 
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The low voltage, free-standing, metal-clad switch 
gear and controller for the induction furnace unit 
stands adjacent to the casting platform. This houses 
the main air circuit breaker, tapped autotransformer, 
power-factor correction capacitators, manual pre- 
setting tap switches, and magnetic solenoid tap 
changing contactor. Indicating power-factor and 
kilowatt meters, furnace molten metal electronic 
temperature recorder and controller, and furnace 
inductor core sleeve electronic temperature recorders 
are set flush on front of the switch gear cubicle. 

The inductor core is rated 100 kva, the auto- 
transformer at 125 kva, 460 v, and is high tapped 
at 460, 440, and 380, with low at 250, 200, and 150. 
The manual selector switch preselects any one of 
both the high and low tap voltages. Then, the two 
solenoid-operated magnetic switches automatically 
control the furnace power input from the pre- 
selected taps. These, in turn, are dictated by elec- 
tronic control received from the radiation pyrometer 
sighted on a silicon-carbide tube submerged in the 
metal bath. 

The furnace currently operates on the 380 v high 
tap and 250 low, providing a power input of 65 and 
30 kw respectively at 85 pct line power factor. 

Seasoning: The brick hearth embodied a radical 
departure from previous practice, so, details of pre- 
heating and some history of the lining follow as 
contributory to the success of the furnace bottom. 

Drying of the brick bottom began at 1:40 p. m., 
April 4, 1949, and the furnace was slowly brought 
to 2070 F by 7:20 a. m., April 11 by the use of an oil 
burner. The rise in temperature was controlled care- 
fully by means of a thermocouple lying on the 
hearth with lead wires through the tap hole. The 
average rise was 11.8°F per hr. 

After removing the burner, five tons of starting 
sheet scrap were charged. Six tons of ingots were 
then thrown on the cushion of scrap and the burner 
replaced. By 4 p. m. of the same day the charge was 
flat and the wall temperature 1900°F. The furnace 
was rocked back and forth intermittently until 
11:10 p. m. to allow the molten metal to fill the 
interstices between the brick, the burner was then 
removed, and the furnace drained. 

By 12:45 p. m. a second addition of 8.2 tons of 
starting sheets was charged. This was molten by 
4:30 a. m., April 12, and ingots were then charged. 
By 9:15 a. m., 30.8 tons of ingots had been added. 
The charge was flat by 10:10 a. m., and the wall tem- 
perature 2020 °F. Firing continued until 7:45 a. m. of 
the following day to raise the metal temperature. 
The burner was removed, and the electrodes low- 
ered into the furnace. The side walls had reached 
2120°F, and the are was struck at 8:25 a. m. Power 
was used intermittently to familiarize the operators 
with the controls until 4:32 p. m. when cathode 
charging started 

The distinctive difference between burned-in bot- 
tom practice and the foregoing is that in burning 
in a bottom the are is struck over a bare hearth 
whereas the brick bottom has never been subjected 
to direct radiation and possible local overheating. 
The wash-out charge made a copper-bonded mono- 
lith of the brick by allowing the metal to penetrate 
to a depth where it naturally froze, and the pre- 
liminary melt of 40 tons under oil assured that the 
bottom did not attain a temperature above that of 
the bath 

On Aug. 6, 1949, after 120 days of operation, 
the furnace was drained and cooled slowly, primarily 
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to replace the charging slot, the reason for which 
is explained below. Examination of the bottom at 
that time showed a slight build up of approximately 
ly in. except for the central starting button of the 
upper course which had spalled to a depth of 2 in. 

No repairs were made to the bottom, but a seg- 
ment of the side wall, amounting to about one quar- 
ter of the circumference and including the skim 
door and charging slot, was replaced. A hot-metal 
charging slot was cut in the wall near the tap hole, 
and since then molten copper from the reverbera- 
tories has been used for the initial filling. 

Charging Slot: The charging slot has been the 
cause of considerable delay. Copper accretions col- 
lect gradually in the opening, causing cathodes to 
jam. These accretions may be back splash from 
cathodes, metal surges caused by the are, or a com- 
bination of both 

Details of the slot were presented in the general 
description, but it is noted again that the height of 
the opening increases from 5 in. at the shell to 
18 15/16 in. at the inner face. This aperture facing 
the electrodes appears to act as an open trap for 
splash, and a change was made early in June 1950 
to improve this condition. 

This improvement consisted of raising the charg- 
ing slot 9 in. above its previous location. In addi- 
tion to raising the slot, a silicon-carbide arch, which 
maintains the 5 in. height throughout, was installed. 
The new slot appears on Fig. 2 and, as can be seen, 
it overhangs and partially protects the lower sill 
from splash. The charging delays for jammed 
cathodes and slot cleaning have been reduced greatly. 

The silicon-carbide sill still presents a problem as 
this material quickly oxidizes. There is apparently 
a reaction between the oxides of copper and the 
carbide, as boiling can be seen around the lower 
edge of the sill. A periclase brick sill will be tried 
at the next repair, but the furnace has operated suc- 
cessfully for months with little or no sill brick 

Quality Control of Metal: Delivery of good quality 
cathodes leaves control of are furnace metal de- 
pendent on the three elements: Oxygen, sulphur, 
and iron. This resembles reverberatory practice, but 
manipulation differs. The three elements are dealt 
with in order. 

The are furnace is vented by a 9-in. diam circular 
opening, six courses in from the side of the roof. An 
open bonnet, a few inches above the aperture is con- 
nected to a 5500 cfm fan. Regulation of air entering 
the furnace is obtained by changing the size of the 
roof vent with a movable brick cover. 

The operators take two samples each hour, one 
from the are furnace tap hole and one from the in- 
duction unit. The physical laboratory determines 
oxygen optically on cubes made from the samples 
and reports the results to the furnace foremen. 
Oxygen ranges from a trace to 0.02 pet with an ideal 
of 0.01 pet. The furnacemen regulate the roof vent 
in accordance with the analyses. 

Sulphur could originate from the electrodes, the 
furnace lining, or the cathodes. Sampling and analy- 
sis of each electrode shipment has shown no sulphur. 
Chemically-bonded magnesite brick contains sul- 
phates. As a result excess sulphur shows up for a 
time after a repair, but drops rapidly in a few hours; 
and the sulphur content soon becomes normal 

Sulphur control, therefore, centers on maximum 
removal of the sulphates and sulphuric acid from 
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Fig. 3—Induction holding furnace for copper, 5-ton capacity, 100 kva. 


the cathodes as they come from the tanks. This, ob- 
viously, is a washing problem, and sulphur removal 
has evolved along the following lines. The tank 
house has been equipped with twin dip tanks of 
sufficient size to take a whole lift of 40 cathodes 
and to allow complete submergence. Operators fill 
both tanks with fresh water before pulling starts 
and add 1.5 pt of a sulphate-free detergent to the 
first, and 1 pt to the second tank. Racks of cathodes 
are submerged, loops and all in the first tank, and 
soaked 2 min to dissolve or loosen crystals which 
may have formed within the loop. After lifting, the 
rack is held for half a minute to drain, which is the 
chief function of the detergent as it gives a better 
run-off. Next is a quick rinse in the second tank 
and the water sprays on the unloading machine. 

Crystalline material within the loop has proved 
most difficult to eliminate. While the shears cut off 
the loop and upper 10 pct of the cathode, experience 
has shown that sulphates, if not removed from the 
loops in the dip tanks, slowly dissolve and run back 
over the body of the sheets while still wet. 

Iron originates from the same sources as sulphur. 
It has proved to be negligible in each shipment of 
electrodes to date. In refractories, iron control be- 
comes more complex. Our experience has been that 
the iron content of refractories, provided they re- 
main in place in either the hearth, walls, or roof, is 
not serious. However, iron is absorbed immediately 
by the bath if it becomes covered with spalled brick. 

Chemically-bonded magnesite brick contains up- 
wards of 10 pct total ferrous and ferric oxides. A 
chrome-magnesite roof, installed in June, carries 
somewhat more. Similar to sulphur, iron shows up 
in the first hours after relining. During the present 
campaign, however, and in spite of the higher iron 
in the roof brick, the June through September 
monthly composites contained 0.0015, 0.0012, 0.0014, 
and 0.0010 pct iron respectively, which are satis- 
factory values. 

Slag: Slag formation varies directly with acci- 
dental or deliberate additions to the bath. Because 
of the very refractory character of the furnace lin- 
ing, the skimmings should not be termed slag, as 
they consist of semifused crusts impregnated with 
copper shot and oxides. The analysis of the Septem- 
ber skims was: Cu, 21.71 pct; Fe.O,, 2.86; Al.O,, 3.89; 
SiO., 20.00; CaO, 4.68; MgO, 33.28: and Cr.O,, 8.90. 
Ignoring the copper, the remainder corresponds to 
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an accidental mixture of roof and wall brick plus a 
minor amount of magnesite cement. 
Operation in General: Both furnaces 
around the clock, except for one prearranged shut- 
down each week for repairs. This has gradually 
evolved as part of the routine and lasts for an hour 


operate 


or so 

The shift foremen enter on a special report delays 
in the furnace charging and the exact cause there- 
for. An average of a three-month period in the sum- 
mer of 1950 indicates 1.6 pct lost time for mechan- 
ical breakdowns, 0.2 pct for electrical, 9.2 pet for slot 
cleaning, and 4.3 pet for operational delays including 
the weekly planned shutdown. 

Copper build-up on the slot remains the largest 
single source of lost time, and modification of the 
slot is further projected to overcome the difficulty. 
Operating delays include slipping or adding elec- 
trodes, infrequent stoppages for skimming of the 
bath, and miscellaneous troubles 

The are furnace is rated at 20 tons per hr. This 
rate has not been reached yet over an extended 
period; the best daily tonnages have been approxi- 
mately 15 tons per hr, but over shorter periods the 
rated capacity has been approached 

A low power factor was obtained from the orig- 
inal 20-in. electrodes, and these were changed to 
14-in. in December 1949, resulting in a rise in the 
power factor to over 70 pct. Characteristics of the 
larger electrodes were current surges, excessive agi- 
tation of the bath, a 50 to 60 pct power factor, but 
comparatively cool side walls and roof at any given 
bath temperature, and slightly less power consump- 
tion per ton melted. The smaller electrodes reduced 
current surging, and raised the power factor, but the 
walls and roof were relatively hotter for the same 
metal temperature, and the electrodes operate at 
low red heat between the clamps “and the roof ring 
because of increased IR loss. 

Electrode consumption in May, August, and Sep- 
tember 1950, averaged 3.96, 4.20, and 3.96 lb per ton 
respectively. The intervening months were higher 
because weekend shut-downs raised wastage by 
consuming electrodes during holdovers when no 
copper was being melted 

Are Furnace Power Consumption: During week- 
end holdovers in the summer of 1949, it was estab- 
lished that about 300 kw per hr was required to 
maintain the temperature in a full furnace bath 
when no cathodes were charged. This constant is the 
furnace heat loss, and continues at all times; there- 
fore, on a per ton basis it is proportionally more or 
less according to the casting rate. At 5 tons per hr 
the loss, expressed as power, would be 60 kw-hr per 
ton, 30 kw-hr per ton for 10 tons, and 20 kw-hr per 
ton at 15 tons melted per hr 

According to the best thermal data, molten copper 
at 2300°F contains 182.8 lb cal per lb, which is 
equivalent to 192.8 kw-hr per ton. If the heat loss 
input of the last paragraph is added, it gives 253 
kw-hr per ton for 5 tons per hr, 223 for 10 tons, and 
213 for 15 tons 

These figures are somewhat low on a current 
operating basis for two reasons. First, heat losses 
were based on a new furnace lining and roof, and 
the caloric loss will be higher with an old lining or 
thin roof. Second, they were also based on 20-in. 
electrodes, and as the 14-in. operate at low red heat 
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above the furnace roof, this IR loss would increase 
the 300 kw per hr loss. Power consumption cur- 
rently ranges between 250 and 280 kw-hr per ton 
melted, depending on the casting rate. 

Temperature Control: A multiplicity of tempera- 
ture readings are recorded automatically or read at 
stated intervals and entered on the shift reports. 
Three equally spaced, dial, gas thermometers are in- 
serted through the are furnace shell to contact the 
brick slightly below the metal line. Under the charg- 
ing slot, shell temperatures are taken once a shift 
with a surface-contact thermocouple. A thermo- 
couple is embedded in the brick bottom at the apex 
of the inverted dome of the hearth. The tempera- 
ture at this position is also recorded once a shift. 

All the foregoing were installed originally to sig- 
nal bottom failure, and the foremen record the tem- 
peratures at the start of each shift. To date, no 
failure has occurred, and the readings have had 
little significance. At the end of the last preheating 
in June 1950, the thermocouple in the bottom of the 
hearth recorded 320°F, rose to 400° in two weeks, 
and reached 420° after five months. 

A radiation pyrometer with the internal end of 
the target tube flush with the inner face of the arc 
furnace wall automatically records the wall tem- 
perature. This was installed as a safeguard immedi- 
ately after observing that the 14-in. electrodes gave 
significantly hotter walls. The normal range lies be- 
tween 2400° and 2500°F, but a limit of 2600° was 
established, and the power input is reduced when 
temperatures exceed the latter figure. 

Arc furnace operators insert an immersion thermo- 
couple in the tap hole every 15 min, and the result 
is recorded automatically on a chart. Typical read- 
ings over any one day would be a maximum of 
2380°F, minimum of 2250°, and average of 2310”. 

At the induction furnace a second radiation pyro- 
meter, sighted on a tube terminating in the bath, 
records metal temperatures and automatically con- 
trols the power input. This is checked manually once 
an hour with an immersion thermocouple, and the 
normal range lies between 2180° and 2250°F. 

During a 57-hr layover in 1949, it was established 
that a power input of 49 kw per hr was necessary 
in order to hold the induction furnace bath at an 
even temperature, with neither metal input nor out- 
put. The two operating taps are 30 and 65 kw-hr, 
and theoretical calculations based on the heat loss 
and a 15 ton per hr at 2300°F input, show that the 
lower tap would give a constant bath temperature 
drop of 14°F, and the higher a pick up 6°F. The 
metal, leaving the induction furnace is, therefore, 
in the neighborhood of 2200°F. 

The function of the core-bushing thermocouple at 
the primary induction loop has been described. In 
addition, two gas thermometers are inserted in the 
cooling-fan discharge of the same bushing, and air 
temperatures are noted as an extra precaution. 

Dust Loss: Copper, even at conventional rever- 
beratory temperatures, has a slight vapor pressure, 
and under the much hotter arc, it becomes appre- 
ciable. A wet cyclone treats gases from the roof vent 
and charging slot. Total vaporization amounts to ap- 
proximately 4 lb of copper per ton melted, of which 
the scrubber recovers about 85 pct. The lost fume is 
largely around one micron in diameter, and a small 
bag house is in process of being installed to collect 
it. The recovered dust is recharged into the rever- 
beratories, as it is largely pure cuprous oxide. 
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Technical Note 


PECIAL polishing and etching techniques were 
developed during an investigation of the high 
temperature mechanical properties of high purity 
aluminum (99.995 pct Al).* Electrolytic polishing 
was done successfully in the following electrolyte: 
5 ml perchloric acid (72 pet), and 95 ml glacial 
acetic acid. 

No special precautions need be taken during the 
preparation of the electrolyte since no appreciable 
heat of mixing is evolved. Although the electrolyte 
is not an explosive, it is recommended that Jacquet’s 
safety rules’ be followed during the polishing 
operation. 

A voltage of 25 to 60 v gives a good polish in about 
2 min at room temperature after preparation on 3/0 
metallographic paper. Most of the grain boundaries 
are visible under the microscope after polishing. 
Since the current is controlled essentially by the 
resistance of the bath, it is necessary to keep the 
anode-to-cathode distance as constant as possible. 


Fig. 1—High purity aluminum. Electrolytic polish and etch as 
described in text. X1.5. 


Fig. 2—High purity aluminum. Electrolytic polish in perchloric- 
acetic acid. a ‘left)—Partial “galvanic” etching in hydrochloric 
acid. Polarized light. X50. b ‘center! —Etched in modified Lacombe 


Accordingly, polishing of irregularly shaped pieces 
will be difficult. A cooling,bath and a stirring sys- 
tem are advisable in order to keep the temperature 
of the bath uniform and constant. 

Coarse-grained samples can be macroetched in a 
few seconds by lowering the voltage below 10 v. 
This is done after electrolytic polishing, without re- 
moving the sample from the bath, Fig. 1. The speci- 
men can be repolished in less than 1 min by raising 
the voltage above 25 v. 

The “galvanic etching” technique, which has 


* The high purity aluminum was kindly furnished by the Alumi- 
num Co. of America 
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Metallographic Techniques for High Purity Aluminum 


by Italo S. Servi and Nicholas J. Grant 


been described elsewhere,* was found to be helpful 
not only for macroetching, but also for microetching 
coarse-grained specimens. In fact, the different 
orientations of adjacent grains provide good con- 
trast at the grain boundaries, when the sample is 
observed under polarized light. 

If the specimen is only partially etched, Fig. 2a, 
the grain boundaries can be located without com- 
pletely destroying the appearance of the surface of 
the specimen. The unetched surface appears black 
under polarized light. Excellent color contrast is 
obtained by using a “sensitive tint” plate in the 
optical system of the microscope. In this case, the 
unetched surface has a magenta color, while the 
etched part of the sample assumes different colors 
varying from green to brown, according to the 
orientation of the grains. 

Etch pits were produced on high purity aluminum 
by using the technique suggested by Lacombe and 
Beaujard.* Good results also were obtained by sub- 
stituting 70 pct nitric acid for the fuming nitric acid 
recommended. This gave an etching reagent of the 
following composition: 70 ml nitric acid (70 pct), 
50 ml hydrochloric acid (37.5 pct), and 3 ml hydro- 
fluoric acid (48 pct). An example of the results is 
shown in Fig. 2b. The outline of the etch pits is 
revealed sharply if the specimen is observed under 


reagent for 30 sec at 9°C. X1000. ¢ (right) —Etched in Lacombe 
reagent for 30 sec at 9°C. Polarized light. X500. Area reduced 
approximately 75 pct for reproduction. 


polarized light, as shown in Fig. 2c. 

These metallograph{c techniques are not suitable 
for the examination of commercially pure (2S) 
aluminum. 
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Technical Note 


Origin 


HE occurrence of the (100) [100] or “cube” tex- 
ture upon annealing of cold-rolled copper has 
been much investigated.’ The conditions favorable 
for its formation were found to be a high final an- 
nealing temperature’ or long annealing time,’ a high 
reduction of area in cold rolling prior to the final 
anneal,’ and a small penultimate grain size.’ The 
effects of penultimate grain size and of rolling re- 
duction were found by Cook and Richards’ to be 
interrelated in such a way that any combination of 
them giving lower than a certain value of the final 
average thickness of the grains in the rolled mate- 
rial leads to a fairly complete cube texture with a 
given final annealing time and temperature. Also, 
according to the same authors, at a higher final an- 
nealing temperature'a larger average rolled grain 
thickness, i.e., a lower final rolling reduction, is suf- 
ficient than at a lower temperature. These somewhat 
involved conditions can be understood readily on the 
basis of recent results obtained at this laboratory 
Hsun Hu was able to show recently by means of 
quantitative pole figure determinations that the roll- 
ing texture of tough pitch copper, which is almost 
identical with that of 2S aluminum,’ may be de- 
scribed roughly as a scatter around four symmetrical 
“ideal” orientations not very far from (123) [112] 
In the case of aluminum, annealing leads to retain- 
ment of the rolling texture with some decrease of 
the scatter around the four “ideal” orientations, and 
to the appearance of a new texture component, 
namely the cube texture.” A microscopic technique, 
revealing grain orientations by means of oxide film 
and polarized light, showed that the retainment of 
the rolling texture is achieved through two different 
mechanisms operating simultaneously, namely “re- 
crystallization in situ,” and the formation of strain- 
free grains in orientations different from their local 
surroundings, but identical with that of another 
component of the rolling texture. Thus, a local area 
in the rolled material, having approximately the 
orientation of one of the four “ideal” components of 
the texture, partly retains its orientation during an- 
nealing, while recovering from its cold-worked con- 
dition, and it is partially absorbed at the same time 
by invading strain-free grains of an orientation ap- 
proximately corresponding to that of another “ideal” 
texture component. The reorientation here, as well 
as in the formation of the strain-free grains of 
cube” orientation, may be described as a [111] 
rotation of about 40°, see Fig. 1 of ref. 6. The pre- 
ferential growth of grains in such orientations is a 
result of the high mobility of grain boundaries cor- 
responding to this relative onentation 
It appears very likely that in copper the mech- 
anism of the structural changes during annealing is 
similar to that observed in aluminum (except for the 
much greater frequency of formation of annealing 
twins in copper). In both metals the new grains of 
cube orientation have a great advantage over the 
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of the Cube Texture in Face-Centered Cubic Metals 


new grains with orientations close to one of the four 
components of the rolling texture. This advantage 
stems from their symmetrical orientation with re- 
spect to all four retained rolling texture components 
of the matrix; they are oriented favorably for growth 
at the expense of all of these four orientations. As 
a result, the growth of the “cube grains” is favored 
over the growth of the others, as soon as the new 
grains have grown large enough to be in contact 
with portions of the matrix containing elements of 
more than one, and preferably of all four component 
textures 

It is clear that this critical size is smaller and, 
therefore, attained earlier in the annealing process 
if the structural units, such as grains and kink bands, 
representing the four matrix orientations are smaller, 
i. e., if the average thickness of the rolled grains is 
smaller. Hence, for a given annealing time and tem- 
perature, a smaller penultimate grain size and a 
higher rolling reduction both tend to increase that 
fraction of the annealing period during which the 
above condition is satisfied. Consequently, the per- 
centage volume of material assuming the cube orien- 
tation increases. The same is true also for increas- 
ing time and temperature of annealing when the 
penultimate grain size and the final rolling reduc- 
tion are constant, since the average size attained by 
the new grains during annealing increases with the 
annealing time and temperature. For the same rea- 
son, at higher annealing temperatures a given vol- 
ume percentage of cube texture can be obtained 
with larger rolled grain thickness (larger penulti- 
mate grain size, or smaller rolling reduction) than 
at lower annealing temperatures. The well-known 
conspicuous sharpness of the cube texture may be 
interpreted as a result of the fact that selective 
growth of only those grains is favored that have an 
orientation closely symmetrical with respect to all 
four components of the deformation texture and 
exhibit, therefore, a high boundary mobility in con- 
tact with each 

The effect of alloying elements in suppressing the 
cube texture, as described by Dahl and Pawlek, ap- 
pears to be associated with a change in the rolling 
texture. For face-centered cubic metals, such as cop- 
per, which do exhibit the cube texture upon anneal- 
ing, the rolling texture is always of the type de- 
scribed above, i. e., scattered around four “ideal 
orientations” of approximately (123) [112]. The 
addition of certain alloying elements, such as about 
5 pet Zn or 0.05 pet P in copper, has the as yet un- 
explained effect of changing the rolling texture into 
the (110) [112] type. This texture consists of two 
fairly sharply developed, twin related components. 
In such cases, as in 70-30 brass and in silver, the 
annealing texture again is related to the rolling tex- 
ture by a [111] rotation of about 30°, however, be- 
cause of the different rolling texture to start from, 
it has no cube texture component. At higher tem- 
peratures, both in brass” and in silver,” grain growth 
leads to a further change in texture: A [111] rota- 
tion of the same amount, but in reversed direction, 
back to the original rolling texture. 
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In summary, it may be stated that the oriented 
growth theory of annealing textures readily explains, 
at least qualitatively, the various conditions and 
their interrelations thus far described in the litera- 
ture, that affect the formation of the cube texture. 
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Technical Note 


Theory of Annealing Textures 


by Paul A. Beck 


N several recent investigations ‘ considerable evi- 

dence was accumulated to show the predominance 
in various face-centered cubic metals of a certain 
relative orientation, corresponding to a rotation of 
30° to 40° around a /111/ axis, between a matrix 
with a strong single orientation texture and grains 
growing in this matrix.” This relative orientation 
was found to occur both in recrystallization and in 
coarsening, “secondary recrystallization”, so that 
one is inclined to look for an explanation applicable 
in both cases 

The abundance of growing grains in the described 
orientations proves that suitable “nuclei” are pres- 
ent in the matrix material and that they have the 
capacity to grow. The scarcity of growing grains in 
other orientations may be explained in one of two 
ways. Either the number of nuclei or the rate of 
growth must decrease strongly for orientations de- 
viating from that predominating among the grow- 
ing grains, Fig. 1. Both the “oriented nucleation” 
and the “oriented growth” theory found support in 
the literature. Because the frequency of nuclei as a 
function of orientation is in most instances not 
amenable to direct experimental investigation, a 
definitive decision is difficult to achieve. However, 
it is now known with great certainty that the rate 
of boundary migration is strongly dependent on the 
relative orientation of the two grains meeting at the 
boundary and that the orientation favored by high 
boundary mobility closely corresponds to that pre- 
dominating in most cases of recrystallization and 
coarsening. Thus, it was found that, in general, the 
mobility is very low for boundaries between grains 
of nearly identical orientation, or for coherent twin 
boundaries, On the other hand, the boundaries be- 
tween two grains of a relative orientation corre- 
sponding to a /111/ rotation of 30° to 40° have the 
highest mobility in face-centered cubic metals. If a 
large variety of nucleus orientations are produced 

*In a hexagonal close-packed metal, zirconium, for which suffi- 
ciently good data are available the reorientation upon recrys 
tallization corresponds to a rotation of 30° around the basal plane 
normal. Therefore, it may be concluded that in both face-centered 
cubic metals and in hexagonal zirconium the reorientation in re- 
crystallization corresponds to a rotation around the normal of a 
close-packed plane. In both cases the new orientation lies about 


half way between two orientations with low grain boundary energy. 
where the grain boundary energy may be assumed to have a 


maximum 
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(a) (b) 
| 


———* ORIENTATION 


TATION 
Fig. 1—Grain boundary mobility (solid line) and frequency of 
nuclei (dotted line! as a function of orientation according to 
‘a! oriented growth theory and ‘b) oriented nucleation theory. 


artificially by means of a highly inhomogeneous 
local deformation, nuclei close to the above orienta- 
tion are found to grow fastest.’ 

In view of this evidence and of the fact that the 
preferred orientation relationship is the same in re- 
crystallization and in coarsening, the oriented 
growth theory appears by far the more promising 
one. Since the origin of nuclei in primary recrystal- 
lization is certainly different from that in coarsening, 
the occurrence of the same orientation relationship 
in the two processes would be difficult to explain on 
the basis of oriented nucleation. Other advantages 
of the oriented growth theory are its capability of 
accounting for the often observed sharpening of the 
texture in coarsening,” and its suitability for ex- 
plaining the role in the formation of the “cube tex- 
ture” of the most important variables, such as the 
degree of rolling, the penultimate grain size, and the 
time and temperature of the last anneal.’ No sim- 
ilarly consistent explanation of all these effects has 
ever been offered in terms of oriented nucleation. 

An important problem in connection with the 
oriented growth theory is the following: In the 
cubic crystal system there are four /111/ axes and 
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Fig. 2—Grain boundary mobility (solid line) and frequency of 
nuclei ‘dotted line) as a function of orientation according to the 
oriented growth theory. Certain orientations with high boundary 
mobility do not appeor in the texture ‘a! because of scarcity of 
nuclei and ‘b!) because the relative maxima of mobility have 
different values for the various crystallographically “equivalent” 
favorable orentations 


the 30° rotation around each of these can be carried 


out in two directions; there are, therefore, eight 
crystallographically equivalent orientations of the 
type required by maximum boundary mobility. Out 
of these, in most cases of recrystallization or coars- 


ening, only one or two actually are observed to 
occur. The question is then whether it is possible to 
explain this discrepancy in terms of the oriented 


growth theory. Let a, b, and c in Fig. 2a represent 
schematically three of the  crystallographically 
equivalent orientations with high boundary mobility 
If the orientation distribution of nuclei is fairly uni- 
form (line 1), all three orientations may be expected 
to occur in the recrystallization texture. An 
symetrical nucleus distribution (line II), which in 
itself would not give rise to a well-defined texture 
if the sense of oriented nucleation (compare with 


as- 


Fig. 1b), might nevertheless give the desired selec- 
tion from among the eight crystallographically 


equivalent orientations of high boundary mobility 
Another to the above question is 
that the orientations a 
not crystallographically equivalent, since a deforma- 
or a recrystallization texture, no matter 
how sharply developed, does not possess the sym- 
a corresponding ideal single crystal. Thus, 
the mobility maxima at a, b, and c may have quite 
favoring certain ones among the 
Fig. 2b, regardless of 


possible answer 
b, and ¢ strictly speaking are 
tion texture 
metry of 
different values 
“equivalent” orientations, 
nucleus distribution 

It was observed by Burgers and Basart’ that the 
recrystallized grains growing in a slightly deformed 
aluminum, in contrast to those 
heavy deformations, do not exhibit a 


ingle 


formed 


crystal of 


after 


well-developed texture. The question arises how 
this behavior can be reconciled with oriented 
growth, It has been pointed out’ that the large 


scatter of oriertations in this case may be a result 
of scarcity of nuclei in all of the orientations favored 
high boundary mobility, see line III in Fig. 2a 
It is indeed quite probable that an annealing texture 
does not develop here, because the lack of suitable 
oriented growth from becoming 
This state of affairs in no way affects the 
general conclusion that annealing textures, when 
they do occur, are the result of oriented growth. 


by 


nuclei 
operative 


prevents 
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What is the physical basis for the orientation de- 
pendence of boundary mobility? In a previous pub- 
lication’ the hypothesis was advanced that the mo- 
bility of a grain boundary depends on the rate of 
self-diffusion along this boundary. Furthermore, it 
was shown that at least qualitatively the correct 
orientation dependence of boundary mobility results 
from this hypothesis, if a plausible assumption is 
made concerning the rate of grain boundary self- 
diffusion as a function of the relative orientation of 
the grains meeting at the boundary. It was assumed 
that the rate of grain boundary self-diffusion de- 
creases with decreasing grain boundary surface 
energy, because the atoms at the boundary are more 
tightly held in their positions. According to this 
assumption grain boundary self-diffusion is very 
slow at boundaries where the two grains have 
nearly the same orientation, and at coherent twin 
boundaries. This has been experimentally confirmed 
for tin by Fensham.” Analogous results were re- 
ported more recently by R. S. Barnes for the grain 
boundary diffusion of copper in nickel.” The above 
hypothesis, associating grain boundary mobility 
with the rate self-diffusion along the boundary, also 
received some independent confirmation recently. 
D. Turnbull" found that the free energy of activa- 
tion for grain boundary migration in the coarsening 
of silver is nearly the same as the free energy of 
activation for grain boundary self-diffusion in the 
same material. It is quite likely that the elementary 
processes involved in atomic movements necessary 
for grain boundary migration are the same as those 
involved in grain boundary self-diffusion. 
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BOUT the turn of the century, Gibbs’ thermo- 

dynamic theory of heterogeneous equilibrium, 
on the one hand, and the experimental methods of 
thermal and microscopic analysis, on the other, gave 
to the physical metallurgist his first scientific tool, 
the equilibrium diagram. The classical equilibrium 
diagram of a binary alloy system shows the boun- 
daries between ranges of homogeneous and hetero- 
geneous equilibrium in their dependence of concen- 
tration and temperature. A homogeneous solid solu- 
tion which on cooling passes such a boundary is 
assumed to precipitate, forming a mixture of two 
phases with different concentrations. 

The equilibrium diagram and the equilibrium 
theory, however, give no information about the time 
scheme of the process or the intermediate stater 
passed during precipitation. For this reason it sat- 
isfies neither the practical need of the metallurgist 
nor the curiosity of the physicist. As a matter of fact, 
in the heat treatment of alloys for technical use the 
objective very seldom is the equilibrium state. Thus 
good mechanical properties of construction material 
are connected, for the most part, with some inter- 
mediate state. As these intermediate states are 
thermodynamically unstable, there is, from a theo- 
retical point of view, always to be expected a decay 
of the good properties with time; and it is a matter 
also of practical interest to know whether this natural 
life time of a material is of the order of, say, ten or 
thousands of years. Thus, for many reasons, there is 
a current demand to complete our knowledge of 
equilibrium through knowledge of the kinetics of 
the precipitation phenomena. From the point of view 
of the physicist, the most interesting question in this 
case is whether there are any general laws govern- 
ing the kinetics. 

According to a generally accepted view, precipi- 
tation is ruled by two more or less independent 
phenomena, the formation of nuclei of a new phase 
and the growth of these nuclei. It is also commonly 
accepted that there is a tendency for the velocity of 
growth to increase with increasing temperature be- 
cause of the increasing mobility of the atoms. There 
is also a tendency for the velocity of growth to de- 
crease in the neighborhood of the two-phase bound- 
aries. So far, however, very little is known quan- 
titatively about this fundamental phenomenon in the 
case of solid metallic systems. In our laboratory 
attention has been directed especially toward the 
nucleation phenomena, and a series of measurements 
have been carried out with the guidance of a work- 
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Supercooled Solid Solutions 


Institute of Metals Division Lecture 


ing hypothesis (based on experiences from previous 
work on order-disorder transformations in alloys) 
about the influence on the nucleation of thermo- 
dynamic potential barriers. However, before discuss- 
ing the experiments, the theoretical ideas will be 
considered. 

In a binary solid solution the arrangement of 
atoms on the lattice points approaches with increas- 
ing temperature a state of full randomness, as illus- 
trated by the ball model of Fig. 1, that might repre- 
sent a [111] plane of a face-centered alloy with 30 
pet “black” and 70 pct “white” atoms. In reality the 
atoms are changing places continually with their 
neighbors so that the picture should rightly have 
been a moving one. On account of this thermal mo- 
tion the concentration of black atoms within a cer- 
tain group of, say, a hundred or a thousand lattice 
points fluctuates with time around the bulk concen- 
tration of 30 pct in a manner governed by statistical 
laws. With decreasing temperature two independent 
changes in this state grow more and more important. 
First, the mobility of the atoms decreases, and sec- 
ond, the forces between the atoms will have an in- 
creased influence on the fluctuations. In alloys with 
a tendency for precipitation, which are the concern 
of this lecture, the distribution function of concen- 
tration fluctuations will broaden, so that the relative 
probability of great local variations from the bulk 
concentration increases. 

Fig. 2 gives an example of such a fluctuation. 
When the alloy is supercooled below the solubility 
limit into the range of two-phase equilibrium, the 
fluctuations will now and then at some point give 
rise to a state that resembles the equilibrium state 
and thus will form a stable nucleus that is capable 
of growing by diffusion processes. In discussions with 
colleagues and in the literature, I have often encoun- 
tered the idea that three or four atoms of the dis- 
solved metal could form a nucleus of the new phase. 
A look at the ball model might be enough to indicate 
that this cannot be true. If it were true, there should 
be nothing but nuclei, whereas we know from ex- 
periment that nucleation must be a rather rare oc- 
currence. In fact we have, as will be mentioned later, 
certain reasons to believe that the nuclei are formed 
by fluctuations containin# some hundreds of atoms, 
which should be the order of the number of black 
balls in the fluctuating group of the figure, if it were 
extended into three dimensions. 

As a working hypothesis we have assumed that 
the fluctuations producing nuclei, though large and 
rare, still are ruled by the distribution laws of fluc- 
tuations of the supercooled solid solution in its initial 
state. Thus the probability of nucleation will be con- 
nected to the thermodynamic properties of the solid 
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solution itself. These properties in turn may be de- 
termined approximately from the equilibrium dia- 
gram, and it is possible to obtain a connection be- 
tween the equilibrium diagram and the nucleation 
that might be examined experimentally. 

Fig. 3 gives an outline of the theoretical relation- 
ships. The upper figure is the equilibrium diagram 
of a solid binary system such as Au-Pt or Au-Ni 
with a gap of solubility. The solid line is the limit 
of solubility. In the lower diagram, the curve F 
shows the free energy as a function of the concen- 
tration at a certain temperature T. Between the two 
contact points of the double tangent, the curve it- 
self gives the free energy of the unstable, super- 
cooled homogeneous solutions, whereas the tangent 
gives the free energy of the stable mixture of two 
phases. The part of the free energy that is of im- 
portance here may be written approximately: 


F U TS [1] 
where U and S, the structural part of the energy 
and the entropy, are functions of the concentration 


r only, but not of the temperature T. The entropy 
is given approximately by: 


S = R [zx + (1 — 2) In (1 — 2) ] [2] 


whereas U has to be determined analytically or 
graphically, so that the contact points of the double 
tangent at all temperatures fit to the empirical solu- 
bility limits 

The theory of fluctuations shows that the dis- 
tribution of fluctuations is highly dependent on the 
second derivative of the free energy with respect 
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Fig. 3—Thermodynamic relations for a sys- 
tem with limited solubility 
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\left}—Ball model of a 30 pct 
solid solution with random distribution of 
atoms. 


Fig. 2 (right)—Ball model of a big con- 
centration fluctuation in a solid solution. 
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to concentration, that is, on the curvature of the F-xr 
curve. If this curve bends upward, as it does on 
both sides within the gap of solubility, the free 
energy is increased locally by a fluctuation, and as 
the free energy always tends to a minimum, the 
fluctuations are repressed, the more the curve is 
bent. If the curve bends downward, as it does in the 
central part of the gap, the fluctuations are unre- 
pressed and their distribution is undetermined. A 
retardation of the fluctuations and accordingly of 
nucleation therefore might be expected to start 
above a line, dashed in the phase diagram of Fig. 3, 
which is the locus of the inflection points of the 
isothermal F-x curves. Van der Waals, who in the 
nineties pointed out this line as the lower limit of 
metastable equilibrium, called it the spinodal, a 
name that we will adopt in the following. Above 
this line the formation of a nucleus presupposes that 
a group of, say, n atoms passes a thermodynamic 
potential barrier, which under certain simplifying 
assumptions can be expected to be the maximum 
difference AF between the F-.x curve and the tangent 
to the curve at a point corresponding to the con- 
centration of the alloy concerned. The probability 
of nucleation might be given by the formula: 


Q n\F 
P Pe RT e@ RT [3] 
where Q is the activation energy per mol for the 
change of place of the atoms. As to the number n, 
the theory so far cannot give any prediction either 
of its magnitude or its dependence on concentra- 
tion or temperature; it has to be determined from 
experiment. 
The growing nuclei will give rise to new types of 
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Fig. 5—Evolution of heat during precipitation of nitrogen 
from solid solution in alpha iron. 


forces in the lattice and corresponding new types of 
potential energy. Frenkel, Becker, and others have 
made calculations on the basis of a special surface 
energy at the surface of the nucleus, and Gorsky, 
Mott, Nabarro, and others on the basis of internal 
strain caused by the different atomic distances in 
and outside the nucleus. In certain cases these 
strains probably will stop the growth of the nucleus 
at a submicroscopic size, which at least for the 
present seems to be a natural interpretation of the 
submicroscopic age-hardening phenomena. In other 
cases the nuclei break away from the lattice of the 
matrix and then are capable of growing by diffusion 
into crystals of microscopic or macroscopic sizes 
For a given alloy the precipitation is dependent 
on two variables, temperature and time. As always 
when examining a phenomenon which is a function 
of two variables, it is convenient, if possible, to 
study these variables separately. In the present 
case the obvious procedure is to try to supercool the 
alloy from a temperature where it is homogeneous 
to a temperature within the gap of solubility rapidly 
enough to maintain its homogeneity, after which 
the precipitation has to be studied at constant tem- 
perature. For such isothermal investigations modern 
physical metallurgy has at its disposal a variety of 
experimental methods which may be divided into 
two main groups. In one group are the methods 
that necessitate the interruption of the heat treat- 
ment at the constant higher temperature in order 
that the measurements can be performed at or near 
room temperature. This is the case in the use of the 
microscope, electron microscope, X-ray cameras, 
hardness testing, damping methods, etc. The other 
group comprises methods which allow continuous 


400 


500 


Evolution of heot vs time of the precipifotion of C from &-iren 


Quenched from 348° C 


Measured at (30° C 
50 
/ 
| Lem gaivenometer detiection 
oF 


10 hours 


Fig. 6—Evolution of heat during precipitation of carbon from 
solid solution in alpha iron. 
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Fig. 7—Decrease of resistance during precipitation in on Au-Pt 
alloy with 30 pct Pt. 


measurements at the temperature of precipitation 
itself, such as measurements of resistance, magnetic 
susceptibility, changes of volume, and changes of 
internal energy, the latter studied by the heat given 
off from the specimen. In our laboratory two meth- 
ods have been employed for the most part: Re- 
sistometric measurements which are easy and often 
very useful, especially for the first orientation; and 
calorimetric measurements, which are less simple to 
perform, but give results that are more directly 
interpretable. 

We shall not discuss here the experimental details 
but only give examples of the type of results that 
are obtained with the methods used. Fig. 4 shows 
the relative decrease of resistivity during precipita- 
tion of a supercooled Pb-Sn alloy. In this case the 
precipitation is rather rapid and a special photo- 
graphic method of registration was used. As a rela- 
tive measure of the time of precipitation we have 
used, for instance, the half-value time +, or the time 
for a decrease of resistivity by 1 or 2 pct, or the 
reciprocal of the decrease of resistance during a 
certain time, or some similar measure. 

Fig. 5 shows curves for the evolution of heat dur- 


Fig. 8—Determination of limits of 
retardation by resistance measure - 
ments on Au-Pt alloys. 
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Fig. 9—Solubility limits, spinodal, and limits of retardation in 
the system Au-Pt 


ing the precipitation of nitrogen dissolved in a iron 
The heat of precipitation is rather small. If after 
the quenching from 172° to 94°C, the specimen had 
been insulated thermally, the total increase of tem- 
perature caused by the heat of transformation, 
evolving during some 50 hr, would have been 0.2°C. 

Fig. 6 gives an idea of the present limits of 
the experimental possibilities of the calorimetric 
method. It describes evolution of heat during the 
precipitation of carbon from a iron, ferrite. The 
specimen had been heated for some time at 348°C, 
where the solubility of carbon in the ferrite is about 
2/10,000 of a percent by weight, and after quench- 
ing it was aged at 130°C. This temperature was 
chosen so that precipitation would be completed in 
the course of one day, which was the most con- 
venient rate. In this case the specimen, if insulated 
during the precipitation, would have obtained an 
increase of temperature of only about 0.02 

For these investigations we chose those systems 
f alloys that are simple and of greatest interest; 
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namely the systems Au-Pt and Au-Ni, which are 
the only known systems with full mutual solubility 
at high temperatures, and a gap of solubility at 
lower temperatures; the system Pb-Sn with a maxi- 
mum solubility of 30 atomic pct Sn and a precipita- 
tion of nearly pure Sn; the system Al-Zn with a 
broadest range of solubility from 0 to 65 atomic 
pet Zn, also covering a eutectoid concentration; and 
the system Al-Cu which, being of great technical 
importance, has been investigated in many labora- 
tories, so that our results could be compared with 
those of other investigators. We have also done 
some calorimetric work on the precipitation of 
nitrogen and carbon dissolved in «@ iron. 

The first system investigated in search of influ- 
ences of thermodynamic potential barriers was the 
Au-Pt alloys. Results of resistivity measurements 
by Johansson and Hagsten on an alloy with 30 
atomic pet Pt are shown in Fig. 7. Alloys which 
were cooled rapidly from above the two-phase 
range gave resistances on a nearly straight line in 
the resistance-temperature diagram. Further the 
figure shows the resistances after 1, 5, 10, 20, and 
35 hr and after reaching equilibrium. Up to about 
550°C the velocity of precipitation increases with 
the temperature owing to increased mobility of the 
atoms. Here, 400° below the solubility limit, a re- 
tardation sets in which, some 100° below the limit, 
is so strong that there is no appreciable change in 
resistance even after 35 hr, although the motion of 
the atoms must be expected to be very lively at this 
temperature 

Wictorin has investigated a number of Au-Pt 
alloys in the same way. Plotting the logarithm of 


the reciprocal of the relative decrease of resistance 
in 10 min against the reciprocal of the absolute 
temperature, he obtained curves as shown in Fig. 8 


with rather well defined lower limits of retardation. 


Fig. 10—Decrease of resistance in an 
Au-Ni alloy with 28 atomic pct Ni 
during precipitation. 
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Au + 28 Ni 
Fig. 11 (above!—Dependence on temperoture of the rate of 
precipitation in an Au-Ni alloy with 28 atomic pct Ni 
Fig. 12 ‘right! —Solubility limit, spinodal, and limit of retarda- 
tion in the system Au-Ni. 


A careful redetermination of the two-phase bound- 
ary, the solid line in Fig. 9, made it possible to 
calculate the free energy and the spinodal, the 
dashed line. Within the limits of experimental un- 
certainty the limits of retardation coincide with the 
spinodal. 

In the system Au-Ni, we have investigated quite 
thoroughly only one single alloy with 28 atomic pct 
Ni. A first series of measurements, going from 
higher to lower temperatures, gave the resistance 
temperature diagram I of Fig. 10, that was com- 
pleted by the measurements of the equilibrium 
state from lower to higher temperatures. A later 
series, II, showed slower precipitation and a still 
later one, III, even lower velocity of precipitation. 
A plot of the logarithm of the reciprocal of the 
decrease of resistance during the first 30 min against 
the reciprocal of the absolute temperature, which 
gives a clearer view of the initial stage of precipita- 
tion, is shown in Fig. 11. The three rather parallel 
logarithmic curves can be interpreted as a sum of 
the logarithm of a factor decreasing with the in- 
creasing mobility of the atoms with increasing 
temperature, which gives the straight line in the 
diagram, and the logarithm of a retarding factor. 
The fact that the curves are parallel to each 
other in the logarithmic diagram seems to indicate 
that there are variations in the a priori probability 
of nucleation between the three states. In fact a 
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Fig. 13—Logarithms of times for a decrease of resistance of 2 pct vs. reciprocal of 


absolute temperature for Pb-Sn alloys. 
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microscopic investigation showed that, at an inter- 
mediate stage of the precipitation process, the num- 
ber of centers of the second phase was very different 
in different crystal grains. On the other hand, the 
lower limits of retardation, which appear rather 
sharply, are the same, about 460°C, in all three 
cases. Fig. 12 shows how this limit coincides with 
the position of the spinodal which was calculated 
from measurements of the solubility limit by Koster 
and others. 

The system Pb-Sn has been studied with resis- 
tivity and calorimetric measurements. Fig. 13 shows 
the logarithm of the time for a decrease in re- 
sistance of 2 pct vs. the reciprocal of the absolute 
temperature for five concentrations. The probable 
positions of the lower limits of retardation are 
marked by arrows. 

Fig. 14 shows the phase diagram with the experi- 
mental limits of retardation marked by crosses. The 
oblique cross is obtained from a calorimetric in- 
vestigation. The upper dotted line is the spinodal 


OP. 10 20 30 att Sn 

2s Fig. 14—Limit and solubility, calculated 

spinodal, and limits of retarded precipita- 
tion in the system Pb-Sn. 
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calculated from the carefully redetermined two- 
phase boundary. As the available boundary line in 
this system is rather short, the calculation may be 
somewhat uncertain 

Calorimetric investigations also have given an- 
other type of information. Precipitation above about 
100°C has, as shown in Fig. 15, given the total de- 
crease of internal energy that could be expected 
from the phase diagram, whereas precipitation be- 
low 100°C has given only about half of the cal- 
culated decrease. There seems to exist below 100 
some intermediate, metastable state, the nature of 
which we have not discovered so far 

The three systems under discussion have a simple 
gap of solubility between two primary solid solu- 
tions. It was of special interest to try to test the 
working hypothesis also on a system with a eutec- 
toid point. An imaginable system of this kind with 
full solubility at high temperatures is shown in Fig. 
16, together with free energy curves for the eutec- 
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Fig. 17 ‘above!—Solubility limits, calculated spinodal, lower 
limits of retarded precipitation, and supposed upper limit of 
the Guinier-Preston aggregates in the system Al-Zn 


Fig. 18 ‘right! —Phase limits and calculated spinodal in the 
system Al-Cu 
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Fig. 15 (left) —Calcu- 
lated and observed total 
heat of precipitation in | 
Pb-Sn alloys. 


Fig. 16 (right) —Ther- 
modynamic relations for 
system with a eutec- 
toid point. 


toid temperature T., a higher temperature T,, and a 
lower one T,, the parts of these curves for the super- 
cooled solid solutions having a positive second de- 
rivative of the free energy are marked with thick 
lines. The locus of the inflection points, the spinodal, 
is the dashed line in the upper part of the figure 
Although at the lower temperature T, there is only 
one continuous gap of solubility, there are three 
ranges with positive second derivatives, one of 
them in the central part of the gap. 

Unfortunately there is no known system of this 
type with an unbroken series of solid solutions at 
high temperatures. In the system Al-Zn, however, 
there is at least an unbroken solubility from pure 
Al to a bit on the other side of the eutectic concen- 
tration. In Fig. 17 the solid lines show the two- 
phase boundaries according to resistometric meas- 
urements by Fink and Willey completed by more 
detailed measurements of our own. The dashed line 
is the spinodal determined by graphical methods, 
in this case with some difficulty and uncertainty. 
The crosses are empirical lower limits of retardation 
determined by resistivity measurements, and the 
circles such limits determined by calorimetric in- 
vestigations. The good agreement with the calcu- 
lated spinodal may partly depend on good luck, as 
the results are in fact somewhat complicated. 

In this system Guinier has observed at low tem- 
peratures a submicroscopic precipitation of the 
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Guinier-Preston type. Unpublished results of ther- 
mal analysis from our laboratory have shown that 
homogeneous Al-Zn alloys, which are cooled rapidly 
and aged at low temperatures when heated at a rate 
of the order of 1° per min at higher temperatures, 
show an absorption of heat that was found to start 
rather sharply at the temperatures marked by 
oblique crosses in Fig. 17. It is most probable that 
the line drawn through these points in the diagram 
is the upper limit of the range of existence of the 
Guinier-Preston aggregates. It is of particular in- 
terest to observe that the retardation of the initial 
rate of precipitatior, governed by the position of 
the spinodal, appears, as well, within and above this 
range. From our point of view this is understand- 
able as fluctuations are supposed to be necessary 
for nucleation in all forms of precipitation. 

Another system from which there are kinetic 
studies of precision to present is the system Al-Cu. 
The constitution diagram for the Al-side of the sys- 
tem is shown in Fig. 18. Al dissolves up to 5.5 wt 
pet Cu at 550°C. There are three known precipi- 
tates #, #, and @”. @ has the composition Al,Cu and 
is the stable precipitate at all temperatures below 
the two-phase boundary. @ is another, metastable, 
form of Al.Cu appearing as an intermediate stage 
of the transformation below about 385°C. @” is a 
submicroscopic intermediate precipitate appearing 
below about 200°C and causing the well-known age 
hardening of the Al-Cu alloys. Its nature has been 
discussed on the basis of X-ray investigations on 
single crystals by Preston, Guinier, Jagodzinski and 
Laves, and others. The upper limits of the three 
states, as shown in the figure, were determined by 
thermal analysis at rising temperature. The spino- 
dal, as calculated from the two-phase boundary, is 
represented by the dashed line down to the right in 
the figure. 

In contrast to the alloy systems already reported, 
we have for the Al-Cu alloys no measurements to 
report for constant concentrations at varying tem- 
peratures crossing the spinodal. They would prob- 
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Fig. 19 ‘left)—Evolution of heat during precipitation 

in Al-Cu alloys at 225°C. 
Fig. 20 (above) —Ratio of power to heat © still 
to be given off as a function of time in Al-Cu alloys 
at 225°C. 
ably be rather difficult to perform in this range be- 
cause of the rapid precipitation. But an attempt has 
been made to study the influence of the thermody- 
namic potential barriers on alloys with varying con- 
centrations at three constant temperatures, 225”, 
110°, and 20°C. The measurements are made by the 
calorimetric method which is, in this special case, 
preferable to resistance measurements, the results 
of which are complicated and difficult to interpret. 
At 225°C, we have studied the precipitation of the 
#@ phase in the range of retarded nucleation. The 
calorimetric power-time curves are shown in Fig. 
19. They are of a simple form making it possible 
to follow the precipitation process from the beg‘n- 
ning to the end. The total amounts of heat obtained 
by integration are, within the limits of the experi- 
mental uncertainty, in accordance with the values 
calculated from the phase boundaries. 

For a discussion of the formation of the nuclei, 
it is convenient to consider, instead of the power P 


6 


Fig. 21—Evolution of heat as a function of time in an 
alloy of Al with 4.5 wt pet Cu at 20°C. 
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itself, the quantity P/Q, wtere Q is the heat still 
to be given off. P/Q, which may written 
dQ/Qdt, is aproximately proportional to the fraction 
of the atoms still in solution, which per unit of 
time go over to the precipitate and can be shown 
to be proportional to the number of nuclei per unit 

Fig. 20 gives P/Q as a function of time. It 
that the nuclei first increases 
linearly and then constant value. The 
initial slopes of the curves are relative measures of 
the probability of nucleation in the supercooled 
solutions and are, according to eq 3, related to the 
product naF of the number n of atoms necessary to 
form a stable nucleus and the thermodynamic po- 
tential barrier AF which can be calculated. In fact 
we have found agreement with theory for 
n 120 

The precipitation at 20°C, which is known to give 
the submicroscopic Guinier-Preston aggregates and 
which has been studied on samples with concentra- 
tions in a range below or near the spinodal, where 
nucleation is unretarded, give quite another picture 
in the calorimetric power-time diagram. Because 
of the unretarded fluctuations and the small dis- 
tances of diffusion, the first precipitation is so rapid 
that the concentration of Cu still in solution, which 
was 4.5 pct in the case of Fig. 21, had decreased to 
about 2 wt pet before the specimens after quenching 
had reached the steady state necessary for measure- 
What was observed during the measuring 
dependent on the further formation of 
nuclei, which is and more retarded as the 
concentration of the solution and the 
potential barrier increases. As can 
be expected under such circumstances, the power- 
time diagrams, of which Fig. 21 gives an example, 
take on a hyperbolic form and are not very much 
different for the various alloys investigated which 
held from 2.5 to 5.5 wt pet Cu 

The aging at 100°C gives, as is also known from 
other investigations, a precipitation of the @ as well 
as the #” phase. The power-time curves, exemplified 
by Fig. 22, are first hyperbolic like the curves for 
20°C but end with an exponential part like the 
curves at 225°C 

The calorimetric investigations on the precipita- 
tion of nitrogen and carbon from solutions of a iron, 
of which three examples were given in Figs. 4 and 5. 
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Fig. 22 ‘left! —Evolution of heat as a function of time in an 
alloy of Al with 4.5 wt pct Cu at 100 C. 
above'—Solubility limits in the logarithmic phase 
diagrams FeN and FeC 


Fig. 23 


are so far very incomplete concerning the kinetics 
of the phenomena. However, the measurements 
give a new determination of the solubility limits, 
which is independent of all chemical determinations 
of the solubility and which might be of some in- 
terest of its own. 

In the case of nitrogen the evolution of heat was 
observed at 80° and 94°C in samples which were 
heated previously at various temperatures from 
170° to 575°C in order to obtain equilibrium of 
solution and thereupon quenched to room tempera- 
ture. In the case of carbon the measurements were 
made at 100° or 130°C and covered a range of 
equilibrium of solution from 350° to 700°C. From 
the experimental values of the total amount of heat 
determined at various temperatures, the solubilities 
may be calculated by means of simple thermody- 
namic relationships on the assumption that the heat 
of solubility is constant through the whole range 
of temperatures covered by our experiments; the 
accuracy of this assumption, however, for the pres- 
ent is difficult to estimate. 

Fig. 23 shows the results on the phase diagrams 
of Fe-N and Fe-C. Instead of the usual diagrams, 
with concentration and temperature along the axis, 
a diagram is used with the logarithms of the atomic 
ratios N:Fe or C:Fe vs. the reciprocal of the ab- 
solute temperature. The advantage of this type of 
diagram is that the solubility limits for small con- 
centrations approach straight lines 

The results obtained so far seem to indicate that 
there are besides the phase boundaries two things 
which have a marked influence on the precipitation 
and which are fundamental enough to make a part 
of the phase diagram, namely the spinodal and, at 
least in some cases, the upper limits of the ranges 
of existence of various metastable states, as for in- 
stance the Guinier-Preston aggregates. It has to be 
emphasized, however, that the attacks on the prob- 
lem of understanding the kinetics of precipitation 
phenomena are still rather fumbling. So, in order to 
obtain a first simple outlook, we have passed by 
some important complicating factors, such as the 
special influences of grain boundaries and cold work- 
ing and the decreasing rate of crystal growth with 
decreasing supercooling. Further, our calculations 
of the free energy from the phase boundaries are 
only a first rather rough approximation. 
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Quality and Inspection Techniques 
Stressed at New England IMD Meeting 


The fifth annual New England Regional Conference 
of the Institute of Metals Division, AIME, was held at 
the Hotel Taft, New Haven, Conn., April 13 and 14. On 
Friday morning, April 13, Geometric Tool Co., Div. of 
Greenfield Tap & Die Corp., and the Greist Mfg. Co., 
held “open-house” for tre 155 conference delegates. In 
addition, Hammond Labbdratory of Yale University was 
toured by a number of the delegates. 

Friday afternoon, Arthur W. Young, Bridgeport Brass 
Co., Bridgeport, presented a paper on “Spectrographic 
Control Testing in the Brass Mill”; a paper prepared 
by C. K. Stewart, International Nickel Co., N. Y. on 
“Embrittling Factors in Heat Treated Steels” was read; 
and A. S. Burgoyne, Pratt & Whitney Div., Niles- 
Bement-Pond Corp., West Hartford, spoke on “New 
Gagirg Techniques for Metal Rolling Operations.” 

Dr. Bruce Old, vice-president, Arthur D. Little, Inc., 
Cambridge, Mass., was toastmaster for the banquet, 
which 92 persons attended on Friday evening. A. N. 
Winchell was presented with the AIME Legion of Honor 
Pin in recognition of his 50th year as a member of 
AIME. 

Speakers for the evening were Tom Lyon, director 
of Supply Div., Defense Materials Administration, and 
Rear Admiral R. M. Watt, Assistant Chief and Director, 


Production Policy Div., Office of Naval Materials, Dept. 
of the Navy. Admiral Watt outlined the present short- 
ages of strategic materials, stressing the necessity 
of keeping sea lanes open for importing the many 
materials not available domestically. Mr. Lyons took 
the domestic side of the materials program, pointing 
out that the United States’ mineral industry, although 
a basic one, was small and would have to be increased 
rapidly to keep up with the material demand. Substi- 
tutes for many materizls will have to be deveioped. 

The last conference session, a technical session, was 
held Saturday morning. Papers were presented on 
“Phase Contrast Metallography,” by George L. Kehl of 
Columbia University; “Electron Metallography,” by R. 
D. Heidenreich of Bell Telephone Research Labora- 
tories; and “Recent Developments in X-Ray Methods 
for Texture Determination,” by Dr. Paul Beck of 
Notre Dame University. 

John A. Swift, Swift Industrial Chemical Co., was 
chairman for the Conference; Albert I. Blank, Chase 
Brass & Copper Co., was vice-chairman; Dr. Michael B. 
Bever, Massachusetts Institute of Technology, was 
secretary, and Dr. George P. Swift, treasurer. At a 
meeting following the close of the conference, Albert 
I. Blank was elected chairman for the Sixth Annual 
Conference to be held in Boston in 1952; with James 
H. Moore, National Research Corp., vice-chairman; 
Winston H. Sharp, Pratt & Whitney Aircraft, secretary; 
and L. P. Tarasov, Norton Co., treasurer. 


Engineering Manpower Report Issued 


The Engineering Manpower Commission of Engineers 
Joint Council has issued its first report on “Utilizing 
Engineering Manpower.” Issued as EMC Bulletin #1, 
the report discusses procedures for requesting neces- 
sary occupational deferments and delays for personnel. 
Included is a statement on the problems of both Gov- 
ernment and industry in selecting and utilizing its tech- 
nical personnel. 

Bulletin #1 is available from Engineering Manpower 
Commission, 29 West 39 St., New York 18 for 25c a 
copy. AIME members on the EMC are Edward H. 
Robie; George B. Corless, Standard Oil Co. (N.J.); 
Max W. Lightner, Carnegie-Illinois Steel Corp.; and 
Harry J. O’Carroll, Kennecott Copper Corp. 


B. C. Snell Joins Advertising Staff 


Byron C. Snell joined the advertising staff of MInInc 
ENGINEERING and the JOURNAL OF METALS on May 1. He 
will work with James A. Stangarone, who henceforth 
will sell space in both publications rather than in the 
JOURNAL OF MeTALS alone. Mr. Snell will make his 
headquarters in Pittsburgh and Mr. Stangarone in 
New York. 

Mr. Snell graduated from Ohio State University in 
1933. For the past nine years he has been regional busi- 
ness manager for the Penton Publishing Co., covering 
the territory tributary to Pittsburgh for Steel magazine. 

The new arrangement follows the resignation of 


Wheeler Spackman as advertising manager of MINING 
ENGINEERING and its predecessor, MINING AND METAL- 
LURGY. 

Messrs. Snell and Stangarone will cover the East and 
Middle West, McDonald-Thompson continuing to act as 
publisher's representatives in the Pacific Coast States 
for MINING ENGINEERING and for the JoURNAL OF PETRO- 
LEUM TECHNOLOGY in the oil areas west of the Missis- 
sippi. 


AIME To Release Three Books 


Three special volumes to be published within the 
next year or two by the AIME under the sponsorship 
of the Seeley W. Mudd Memorial Fund and the Henry L. 
Doherty Memorial Fund have been authorized. The 
first of these, now in galley form, will be the second 
edition of “Basic Open Hearth Steelmaking,” which 
should be available within a few months. The second 
to appear will undoubtedly be “Petroleum Conserva- 
tion,” edited by Stuart E. Buckley, the manuscript of 
which is completed. This is sponsored by the Doherty 
Fund. Third is a new edition of “The Marketing of 
Metals and Minerals,” a book first published a quarter 
century ago which has long been out of print. F. E. 
Wormser, one of the original authors and now vice- 
president of the St. Joseph Lead Co., and Simon D. 
Strauss, vice-president of the American Smelting & 
Refining Co., will collaborate on the new edition. 
Authorization to proceed with the work was voted at 
the meeting of the Board of Directors on Apr. 18. 
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1951 AIME Budget Shows Surplus 


At the April meeting of the Board of Directors the 
final budget for the current year, showing a surplus of 
$6430, was adopted. Total income is expected to be 
$502,700, compared with $493,689 in 1950; expenses, 
$496,270, compared with $511,411 in 1950. The budget is 
believed to be conservative, based on present costs. 
Details of the overall budget, as well as the breakdown 


PROPOSED BUDGET FOR 1951 


INCOME 
FINAL lest 
BUDGET 19st PETRO- 
1951 MINING METALS LEUM 
Dues 
Current $272,000 $142,038 $66,204 $63,758 
Arrears 4,500 327 1,111 1,062 
New 25,000 10,000 6,250 8.750 
Initiation 17,000 6,800 4,250 5,950 
Total $318,500 $161,165 $77,815 $79,520 
Publications 
Advertising $135,000 $63,000 $45,000 $27,000 
Journal Sale 17,000 6,000 7,000 4,000 
Tr sctior Sales 20,000 7,300 6,400 6,300 
Other Sales 4.000 1,500 972 1,528 
Total $176,000 $77,800 $59,372 $38,828 
Other income 
Interest $5,200 $2,600 $1,200 $1,400 
Miscellaneou 3,000 1,566 730 704 
Total $8,200 $4,166 $1,930 $2,104 
TOTAL INCOME $502,700 $243,131 $139,117 $120,452 
EXPENSES 
Membership and Sections 
Secti« s, traveling 
etc $15,000 $8,000 $3,800 $3,200 
Div i 
Branche 56,000 13,377 17.800 
Meeting 1,000 243 234 
Lit A ment 6,500 1,582 1,523 
Building Rental 13,000 3,180 3,052 
Secre vy Travel 2.500 608 586 
Tetal $94,000 $44,815 $22,790 $26,395 
Publications 
Journals $252,500 $112,500 $92,000 $48,000 
Transactior 26,000 9,250 10,116 6,640 
Director Con t) 2,000 1,000 520 480 
Other 10,000 *10,000 
Total $290,500 $122,750 $102,630 $65,120 
General and Administrative 
Salar ther $49,000 $25,521 $11,976 $11,502 
Accounting and salar 
le 25,000 13,121 6,035 5,853 
lembership and sal 
rie 21,000 10,921 5,144 4,933 
I o d ul 
tie 7,000 3,788 1,604 1,607 
I irance 1,000 522 243 234 
Furniture and fixtures 2.000 1.044 486 468 
Mise t 4,000 2,088 973 937 
Socia ty Tax 2,160 1,127 525 508 
N.Y. S sability 610 318 148 144 


Total $111,770 $58,450 $27,134 $26,186 
TOTAL EXPENSES $496,270 $226,015 $152,554 $117,701 
UNEXPENDED INCOME $6,430 $17,116 ($13,437) $2,751 
Appropriatio Income 
R Mt. Fund 
M ge Se tary 
t 12,000 
Unexpended balance in 
id ippropriation $18,430 
* Petroleum Statistics Volume 


by Branches, are shown in the accompanying table 

Last year the Metals Branch had a deficit of close to 
$42,000, its expense for publications being over $119,000 
This has been cut down in the 1951 budget to $102,630 
for publications, the Branch deficit being reduced to 
$13,437. This promises to be the last vear that the Metals 
Branch will suffer a deficit. Advertising income in the 
JOURNAL OF METALS is showing a healthy increase, jus- 
tifying the money that was put into the journal to get 
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it established. Its net advertising income in 1949 was 
$11,000; in 1950 $30,000; with $45,000 budgeted in 1951. 

The Mining Branch expense for 1951 includes for the 
first time an appropriation for the Western Secretary 
and the expenses of his office, amounting to $12,000. If 
there should be a c eficit for the year, the Rocky Moun- 
tain Club Fund hhs promised to meet it up to this 
$12,000 figure, thus adding an extra factor of safety to 
the budget. 

For the first four months of 1951, AIME income was 
$336,610, or $27,428 in excess of the same period in 1950. 
Expenses were $184,642 or $14,721 less than in the same 
period last year. Thus the Institute completes the one- 
third of the year with an improvement over its financial 
position of a year ago by $42,149. 


AIME Authorizes Five Awards 


AIME Board of Directors has authorized granting five 
awards at the annual meeting in 1952. The name of the 
award, the purpose for which granted, and the name of 
the chairman of the committee appointed to select the 
recipient are as follows: 

Charles F. Rand Medal for distinguished achievement 
in mining administration, the term mining to be broadly 
interpreted to include metallurgy and petroleum. 
Eugene Holman, chairman of the Rand Metal Com- 
mittee, is with Standard Oil Co. (N.J.), 30 Rockefeller 
Plaza, New York 20, N. Y. 


Mathewson Medal for the Institute of Metals Div., 
paper which represents the most notable contribution 
to metallurgical science in the three-year period pre- 
ceding the award. C. E. Nelson, chairman of the 
Mathewson Medal Committee, Dow Chemical Co., Mid- 
land, Mich. 


Robert H. Richards Award to recognize achievement 
in any form which unmistakably furthers the art of 
mineral beneficiation in any of its branches. H. A. 
Pearse, chairman Richards Award Committee, Howe 
Sound Co., 730 Fifth Ave., New York, N. Y. 


Robert W. Hunt Award for the best AIME paper on 
iron and steel. T. L. Joseph, chairman Hunt Award 
Committee, University of Minnesota, Minneapolis, 
Minn. 


J. E. Johnson Jr. Award to a man under 40 who has 
exhibited exceptional ability in research, invention, or 
contributions to the technical literature related to the 
metallurgy or manufacture of pig iron. Paul R. Nichols, 
chairman Johnson Award Committee, Wisconsin Steel 
Works, South Chicago, Il. 


French Heads Connecticut Section 


At the annual meeting of the Connecticut Section 
held April 13 in New Haven, Roland S. French, Bridge- 
port Brass Co., was elected Chairman for the 1951-1952 
term. Other officers elected were: Franklin H. Wilson, 
American Brass Co., vice-chairman; William E. Milli- 
gan, Yale University, secretary-treasurer; Albert I. 
Blank, Chase Brass and Copper Co., chairman of 
publicity and attendance committees; Maur J. Weldon, 
Henry G. Thompson and Son Co., chairman of member- 
ship committee; and George F. Donahue, Handy and 
Harman, director-at-large. 


Annual Meeting Paper Deadline 


Sept. 15, 1951 is the deadline for all Institute 
of Metals Division papers for the 1952 New 
York Annual Meeting and the deadline for all 
Iron and Steel Division and Extractive Metal- 
lurgy Division papers to be prepublished. 
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ARTHUR W. THORNTON 


Arthur W. Thornton has been appointed division super- 
intendent, pipe production, finishing and shipping, at 
the National works of U. S. Steel’s National Tube Co. 
He formerly held the position of division superintendent 
in charge of blast furnaces, open hearths, Bessemer 
convertors, and rolling mills. 

Lewis A. Parsons, assistant consulting engineer for 
Calaveras Cement Co., San Francisco, has been elected 
1951 president of the Engineers’ Club of San Francisco. 
William B. Distler is now associated with the Hall- 
Scott Div. of A.C.F., Brill Motors Co., Berkeley, Calif. 


John D. Grimsley has become junior engineer for the 
National Bureau of Standards, Washington, D. C. 


Calvin W. Clayton is vice-president, Clayton Securities 
Corp., Boston. 

Charles H. Gorski has joined the pigments dept., E. I. 
duPont deNemours & Co., Inc., Newport, Del., and will 
be engaged in research on metallic titanium. 

Harmon E. Keyes, chemical and metallurgical engineer, 
is now engaged with Infilco, Inc., Tucson. His develop- 
ments in commercial application of the autoxidation 
process, formerly intended for leaching copper ores, 
have been expanded into the field of sanitation. Infilco, 
Inc. has taken over his patented process improvements 
for adaptation into the various industrial fields, includ- 
ing hydrometallurgy. 


Everette L. De Golyer, senior partner, De Golyer & 
MacNaughton, Dallas and Frederick Seitz, research pro- 
fessor of physics at the University of Illinois, Urbana 
have been elected to membership in the National Acad- 
emy of Sciences. 

Gilbert R. Richardson is now with the National Carbon 
Co. (India) Ltd., Calcutta. He was previously located 
at Sydney, N.S.W., Australia for the Eveready Pty. Ltd. 


C. W. Potter is assistant general manager, Bethlehem 
Steel Co., Steelton, Pa. He was formerly engineer of 
tests. John B. Gero has joined the research dept. of 
Bethlehem Steel Co., Bethlehem, Pa. 

Carson L. Brooks, Aluminum Co. of America, Cleve- 
land, is now at the Aluminum Research Laboratories, 
New Kensington, Pa. 

R. E. Bromley is with the M. E. Solomon Co., Pitts- 
burgh. He had been representative for the Samuel G. 
Keywell Co., Pittsburgh. 

W. E. Dempster is now employed by the Aluminum Co. 
of Canada, technical dept., Arvida, Quebec. 


LEWIS A. PARSONS 


JAMES TUCKER MACKENZIE 


James Tucker MacKenzie has been awarded the Herty 
Medal by the Georgia Section of the American Chem- 


. ical Society, for outstanding contributions to chemistry 


in the Southeast. Dr. MacKenzie is technical director 
of the American Cast Iron Pipe Co., Birmingham, and 
was selected for his achievements in metallurgical re- 
search. 


Otto Barth of the Royal Institute of Technology, Stock- 
holm was in Turkey to start the new smelter of the 
Murgul Bakir Isletmesi (Murgul copper works) con- 
trolled by Etibank, Ankara. 


Clarence H. Lorig, assistant director, Battelle Memorial 
Institute, Columbus has received a distinguished serv- 
ice citation for accomplishments in the field of metal- 
lurgical engineering, from the University of Wisconsin. 


Arthur E. Schnaufer has been named general machinery 
division sales representative for the Duluth office of 
Allis-Chalmers Mfg. Co. 


Orson A. Rockwell, general manager of the Calumet 
div., Calumet & Hecla Consolidated Copper Co. has 
been elected a vice-president. 

Russell M. Bennett, Minneapolis and Robert H. Crom- 
well, Knoxville, both associated with the Electro Man- 
ganese Corp., were recently in Chile. 

R. C. Fish, general manager of iron ore operations, 
M. A. Hanna Co., has been transferred from Duluth to 
Cleveland. D. N. Vedensky has been appointed director 
of research and development and Morris Bradley has 
been named director of public relations. 

Amos J. Shaler has been promoted to associate pro- 
fessor, dept. of metallurgy at Massachusetts Institute of 
Technology. 

Ray D. Dwyer has been named assistant to the general 
superintendent at U. S. Steel Co.’s Gary Works. He had 
been assistant division superintendent of open hearth 
operations. 

Russell G. Hardy is now associated with American Steel 
Foundries, Indiana Harbor, Ind. 

£. J. Duggan is executive vice-president for the Climax 
Uranium Co., Grand Junction, Colo. 

Raymond A. Humphreys is now chief inspector for the 
Kellett Aircraft Co., Camden, N. J. 

B. W. Carr is now technical representative for E. I. 
duPont deNemours & Co., Inc.,. New York. He was 
transferred from the Joplin, Mo. office. 
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Now! 


Scarcity of alloying materials now gives to Boron a 
timely importance, either for use by itself or as a 
means of making other elements go farther. Recog- 
nized in the specifications of technical committees and 
used by leading producers, Boron improves the quali- 
ties of rolled steel—cast steel—high-speed tool steel— 
cast iron—malleable iron—alloyed welding rods— 
other ferrous products. Pioneers in the development 
of the modern uses of Boron, their contributions 
registered in two U. S. Patents, Nos. 2,283,299 and 
2,509,281, MCA technicians are qualified to offer 
advice. Can they help with your alloying problem? 
Inquiries concerning Molybdenum, Tungsten, or 
Boron will be given careful attention, 


MOLYBDENUM 
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Coming Events 


June 4, AIME, Mexico Section, American 


Club, Mexico City, Mexico 


June 11-15, ASME, semi-annual meeting, 
Royal York, Toronto, Canada. 


June 11-15, Conference on Industrial Re- 
search, Columbia University, New York. 


June 11-16, Armour Research Foundation of 
Illinois Institute of Technology. June 11- 
13, symposium on analysis metallogra- 
phy of titanium. June 14-16, symposium 
on surfaces. Sheraton Hotel, Chicago 


June 15-16, AIME, Central Appalachian Sec- 
tion, Cumberland Hotel, Middleboro, Ky 


June 18-20, American Congress on Surveying 
and Mapping, annual meeting, Hote! Shore- 
ham, Washington, D. C 


June 18-22, ASTM, annual meeting, Atlantic 
City, N. J. 


June 23, AIME, Colorado Section and Sub- 
sections, Ouray, Colo 


July 30-Aug. 2. American Electroplaters’ Se- 
ciety, Statler Hotel, Buffalo, N. Y. 


Aug. 27-Sept. 6. Oak Ridge National Labora- 
tery and Oak Ridge Institute of Nuclear 
Studies, annual summer symposium, Oak 
Ridge, Tenn 


13-15, AIME, Industrial Minerals Div.. 
all meeting, University of West Virginia, 
Morgantown, W. Va 


Sept 


Sept. 16-19, American Institute of Chemical 


Engineers, regional meeting, Sheraton 
Hotel, Rochester, N. Y. 


Sept. 25-28, ASME, fall meeting, Radisson 
Hotel, Minneapolis 


Oct. 1-4, Assn. of Iron & Steel Engineers, 
annual convention, Hotel Sherman, Chicago. 


Oct. 3-5, AIME, petroleum branch, fall meet- 
ing, Oklahoma City. 


Oct. 9-12, Scientific Apparatus Makers Assn., 
mid-year meeting, Recorder-Controller Sec- 
tion, Seaview Country Club, Absecon, N. J. 


Oct. 10-11, Joint Fuels Conference, AIME 
Coal Division, ASME Fuel Section, Roa- 
noke Hotel, Roanoke, Va 


Oct. 15-17, AIME, Institute of Metals Div., 
fall meeting, Detroit-Leland Hotel, Detroit 


Oct. 15-19, National Metal Congress & Expo- 
sition, Detroit. 


Oct. 19-20, Engineers’ Council for Profes- 
sional Development, annual meeting, Hotel 
Statler, Boston 


Oct. 22-24, American Mining Congress, Metal 
and Nonmetallic Mining Convention, Bilt- 
more Hotel, Los Angeles 


Oct. 25-26, AIME, Los Angeles Section, fall 
meeting, Los Angeles 


Oct. 26-27, AIME, Nationa! Openhearth Com- 
mittee, Southern Ohio Section, Deshler- 
Wallick Hotel, Columbus, Ohio 


Oct. 29-Nov. 3, AIME, fall meeting, Mexico 
City. 

Nov. 2, AIME, Pittsburgh Section, annual 
off-the-record meeting, William Penn Ho- 
tel, Pittsburgh 


Nov. 25-30, ASME, annual meeting, Chal- 
fonte-Haddon Hall, Atlantic City 


Nov. 28-30, Scientific Apparatus Makers 
Assn., midyear meeting, industrial instru- 
ment, laboratory apparatus laboratory 
equipment, optical, nautical, aeronautical, 
and military instrument sections, Hotel 
New Yorker, New York 


Dec. 2-5, American Institute of Chemical 
Engineers, annual meeting, Chalfonte-Had- 
don Hall, Atlantic City. 


Dec. 6-8, AIME, Electric Furnace Conference, 
William Penn Hotel, Pittsburgh. 


Versatility... without Costliness for 


Photomicrography 


Photomacrography 


A highly versatile, yet inexpensive combination. Indispensable for 
routine photomicrography or photomacrography, with Micro- 
Summar lenses. For plates and cut films 3% x 4% inches, black 
and white or color. Accessories available for varied requirements. 


MA IVb 


Laboratory 
Camera 


Direct vision reflex housing 
for grain counting 


Vertical camera with bellows of 50 cm. 
Simplified time and instantaneous shutter 
Rack and pinion for lens panel 
Light-tight connecting sleeve 

for microscope 


with ¢ 


BMe 
Metallurgical 


Microscope 


Built-in illuraination 
Large, modern stand 
Rack and pinion coarse focusing 
Micrometer fine adjustment on doubl 


ball b 


Interchangeable large, square mechanical stage 


adjustable vertically by rack and pinion 


Dovetail slider for interchange of tubes 
Large vertical illuminator with 


compensating prism and plane glass 


Write to Dept. Micro 1064lE 


E. LEITZ, Inc., 304 Hudson Street, New York 13, N. Y. 


LEITZ MICROSCOPES . SCIENTIFIC 


INSTRUMENTS 


BINOCULARS ° LEICA CAMERAS AND ACCESSORIES 
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roposed for Menhenhio 
Metals Branch AIME 


Total AIME membership on Apr. 30 was 17,297; in addition 230. 


Student Associates were enrolled 


ADMISSIONS COMMITTEE 


m: € ) 4. Garne Vice-Chairman 
Hans 4 J > Lioyd C. Gib 
n T. Sherm Alternate C. Brinker 


emoff, Ivan Given, T. D. Jones, and W 


urged to revi« this list as soon as the 

ediately to wire the Secretary's office 

rb je ym is offered to the admission of 

he objection should follow by mail. The 

nd its eges to every person to whom 

ce ‘ loes not desire to admit persons unless 

they are qualified. Objections ust be received before the 30th of 
the n Me iM Branches 

list C/S means change of status; R, reinstate- 

J, Junior Membe AM, Associate Member; S, 


California 
San F Helmke, R. F. (M) 

Selb Platt, Robert R. (M) 

Conrad C. (M 


Connecticat 

Waterbury—Korhonen, Aarre E. (M) 
Delaware 

jewport—Barth, Walter John (A) 


District of Columbia 
Washington—Raring, Richard (M) 


Iilinois 
Chicago—Anthonisen, Robert P \ Della-Rose, Fred S J 
Fisher, Edward S. (J) (R. C S-—S-J MacKenzie, Archie R. (M) 
La Grange—Parks, John M. 


New Jersey 
Newark—Mevyer, Herbert M. (M) 
Union—Weismantel, Elmer E. (J) (R.C S—S-J) 


Obituaries 


New York 
Brooklyn—Criswell, Wilbur W., Jr. (M) R. 
Hamburg—Koegler, Harry A. Winkler, Theodore B. (M) (‘C/S 


J-M) 
New York—Whitney, David W. (M) (C/S—J-M) 
Troy—Nippes, Ernest F. (M) 


Obie 

Bay Village—Nelson, John M. (M) 
Campbell—Hornak, John A. 
Canton—Blough, Arthur K. (M) (R.C/S—A-M)! 
Cleveland—Eaton, James C. (J) 
Euclid--Vitcha, Edward T. (A) (C/S—J-A) 


Pennsylvania 

Johnstown—Baer, Gordon R. (M)}. MacDonnell, Wilfred D. (M) 
Latrobe—Neely, Grant F. (A) 

McKeesport—McKee, Edward M. (M) 

Monongahela—Sullivan, John G. (M) 

Philadetphia—Dunkerley, Frederick J. (M) (C/S—-A-M) 
Pittsburgh—Bickell, Albert E. ‘A}. Lovgren, Carl A. (A). Ogan, 
Albert C. (M). Patterson, Karl M. ‘A Sigovich, Marion N. (A) 
Squier, William R. (J) (R.C S—S-J) 


Utah 
Sait Lake City—Burt, Glen A. (M) 


Washington 
Seattle—-Marquette, William H. (M) 


Spokane— Peterson, Warren S. (M) 
Tacoma—Harvey, Warren M. (A). Teats, Merrill C. (M) (C’‘S—J-M) 


Russell, Reuben S. (M) 


Belgium 
Hoboken—Demerre, Mercel A. (M) 


Canada 
Montreal, P.Q.—Malabre, L. C. (J). Sansom, William (J) 
Ontario—Carter, Ralph E. (J) (R.C/S—S-J) 


England 
London—Bakarian, P.W. (M) (R. C/S—J-M 


France 
Mont-Saint-Martin—Laravoire, Louis (M) 


Germany 
Aachen, Veltmannplatz 4—Hilgers, Willy (A) 


Japan 
Akita-ken--Tsunoda, Suketoshi (M) 


Netherlands 
Zeist—Reysenbach, Johannes (J) (C ‘S—S-J) 


NECROLOGY 


Date Date of 
Elected Name Death 
1916 U. H. Berthier Mar. 1, 1951 
1897 William McC. Cameron Unknown 
1945 Philip L. Edwards Mar. 17, 1951 
1935 Charles Engelhard Dec. 1950 
1907 G. T. Griswold Mar. 22, 1951 
1922 L. C. Harrington Feb. 3, 1951 
1935 J.S. Hemphill Apr. 2, 1951 
1896 John Kennedy Unknown 
1910 Jules Labarthe Apr. 6, 1951 
1944 B. E. Moir Feb 7, 1951 
1921 Robert H. Ogburn Mar. 1, 1951 
1907 Brent N. Rickard Mar. 8, 1951 
1949 Thomas C. Russell Mar. 13, 1951 
1920 Dwight L. Sawyer Feb. 16, 1951 
1940 John H. Watrous Nov. 27, 1950 
1940 George Wilson Nov. 25, 1950 


Appreciation of Brent N. Rickard 
By Howland Bancroft 


Brent Neville Rickard, metallurgist, AIME Member 
1907, Director 1934-1940, retired operating executive 
of the American Smelting & Refining Co., died on Mar. 
8, 1951 in Tucson, Ariz. of cancer of the lungs. Brent 
was born in Anaconda, Mont. on June 28, 1885 of 
English-Irish parents, Stephen and Constance Neville 
Rickard, early friends of a gentleman from Sweden 
who came to America in his early manhood and who 
later became the foremost mining geologist of his time, 
Waldemar Lindgren. Brent’s maternal grandmother, 
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Mrs. Neville, arrived in San Francisco in 1856 and 
lived there throughout its growth from that time until 
1904 when she joined Brent's parents in residence in 
Denver. The California Historical Society, through the 
thoughtful courtesy of Brent, is now the possessor of 
some 40 large scrap books and 12 albums in which Mrs. 
Neville recorded interesting events in that colorful era 
of San Francisco's history. 

During Brent's early childhood his parents moved 
from Anaconda to Denver where young Brent, during 
the time he was attending public schools in Denver, 
also learned assaying from his father, a chemist and 
assayer of repute. Brent was thus equipped to earn a 
living while still a student in the Denver Manual Train- 
ing High School and he put his knowledge and skill in 
assaying to early use by leaving college in order to 
assist in financing the collegiate education of his two 
brothers. While his formal education was thus limited 
to one year in the University of Michigan his practical 
technical education through experience was continuous 
from the time he first bucked a sample for his Dad until 
he retired after 40 years of continuous service with the 
American Smelting & Refining Co. during which time 
he rose from chemist to metallurgist to assistant super- 
intendent to superintendent to assistant manager and 
finally to manager of different units of the smelting 
branch of that corporation. 

Brent’s adult life was spent in Mexico and in the 
Western part of the United States. A chronological 
summary of his professional career is to be found in 
Who’s Who in Engineering as well as in Who’s Who in 
America where details regarding his various assign- 
ments along with corresponding dates are available. 
However, these publications quite naturally make no 
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BRENT N. RICKARD 


mention of his personal characteristics 
and it is the purpose of this brief ap- 
preciation to bring some of these to 
the attention of those not fortunate 
enough to have had personal contact 
with a man who spent his life doing 
things for others. All who really knew 
Brent were fully aware of the con- 
tinuity of his service to mankind. 

Brent was the prospectors’ and small 
mine operators’ friend and confidant. 
None of their problems was too small 
for his serious and considerate atten- 
tion. He thought of public service as 
a duty to be cheerfully performed and 
his participation in mar.y public activ- 
ities endeared him to the hearts of 
youngsters and earned him the appre- 
ciation and gratitude of his fellow cit- 
izens. He took a very active part in 
the affairs of the American Institute 
of Mining and Metallurgical Engineers 
and of the American Mining Congress 
in whatever part of the United States 
he happened to have headquarters, 
and these organizations benefitted 
greatly from his association. 

During World War II Brent was 
“loaned” to Metals Reserve Co. from 
time to time to assist in some of their 
activities and his help was greatly ap- 
preciated by those with whom he came 
in contact. 

Brent was a truly remarkable hus- 
band, a wonderful and thoroughly ap- 
preciated father and he had the good 
fortune to witness the early years of 
five grandchildren. In the words of 
one of the many young people he 
helped along the way Brent was truly 
“an honorable man.” The world is bet- 
ter off for his having lived in it. 


William Mc. Cameron (Member 1897), 
formerly associated with the Celanese 
Corp. of America, has died. He grad- 
uated from Michigan College of Mines, 
and was associated with Union Leas- 
ing and Mining Co., Leadville, Colo; 
Small Holes Consolidated Mining Co.; 
and American Cellulose & Chemical 
Mfg. Co., Ltd., New York. 


Vacuum Fusion 
as Analyzer. 


A packaged unit to determine 
the content of oxygen, 
nitrogen and hydrogen in metals 


A wide variety of metals and alloys, including tita- 
nium, can be analyzed to determine the amount of 
oxygen, nitrogen and hydrogen contained either as 
combined or dissolved gas, in the range from one per 
cent to approximately 10° per cent by weight. 


TITANIUM 


Total gas contents 
are reported with- 
in approximately 
the same range as 
for other metals, 
through the use 


The apparatus incorporates the best features and 
techniques reported in the literature or known to our 
laboratory and has been employed for some time in con- 
nection with our own metallurgical research activities. 


Operating procedure is relatively simple and can be 
readily mastered. Installation and final testing is per- 


: of certain special 
formed by one of our trained analysts. P 


techniques. 
Write for details of Type 09-1240 Vacuum Fusion esr eons 


Gas Analysis Apparatus. 
COATING APPLIED PHYSICS 


National Corporation 


Seventy Memorial Drive, Cambridge, Massachusetts 


TRIA RESEARCH + PR es DEVELOPMENT 
SH VACUUM ENGINEERING AND EQUIPMENT 


In the United Kingdom. BRITISH AMERICAN RESEARCH, LTD. London S$ W 7 — Wishaw. Lonerkshire 
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Is YOUR laboratory 
a potential bottleneck? 


Here's a complete line of Bausch & Lomb precision 


instruments to help you keep pace with capacity produc- 


tion... to give you increased speed, accuracy and simplic- 


ity in research and quality control. 


RESEARCH METALLOGRAPH — See it... photograph 
/ it... four ways! Four different accurate images of the 


same sample, for more complete identification. Exclusive, 


patented B&L features permit critical work with bright 


field, dark field or polarized light . . . with quick, 


easy change-over. For phase contrast work B&L 


ccessories are si y, speedily attached. T 
ac are simply lily attached. The 


“maximum use” instrument for visual observa- 


tion and photomicrography. Catalog E-240. 
\ hi ‘NEW! BALPHOT METALLOGRAPH— new de- 


sign! The economy of limited capacity 


instruments, with bright field, dark 

field or polarized light and phase con- 

trast... and many other performance 
, advantages of the highest-priced metal- 
f 


lographs. Quick-action stage elevating 
device eliminates coarse adjustment. 
New Magna-Viewer projects bright, 
magnified screen images . . . ideal for 


> CM METALLURGICAL Ly rain size determinations and grou 
aoe tion of opaque objects, FIELD MICROSCOPES—Inval- viewing. Catalog E-232. 
With proper accessories polished metal  speci- uable in preparation of 
this one unit provides vis- mens, similar materials polished metal  speci- WRITE for complete information to 


ual microscopy, highand Catalog E-223. Tri-Vert mens, study of fractures, 
¥ Illuminator (optional) porosity, macro-etched Bausch & Lomb Optical Co., 787-6 


provides bright field, specimens and other low St. Paul St., Rochester 2, N. Y. 
raphy, as well as photo- dark field, or polarized power metallurgical 7 ” 
copying. Catalog E-210. light. Catalog D-108. studies. Catalog D-15. 


low power photomicrog- 


Bausch & Lomb 


Equipment 
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It tells your 
“RINGER” 


when not to ring! 


» 


The Bell System's new automatic method of adjusting telephone ringers uses a beam of light pass- 


ing between the gongs to a photoelectric cell. When test currents are applied to the ringer the 


machine decides whether to change the spring tension or the magnetic pull. After each change it 


tests again until the ringer is in perfect adjustment—and the whole procedure takes only 30 seconds. 


To you, it’s your familiar telephone bell. To tele- 
phone engineers, it’s a “ringer.” And it has two jobs 
to do. It must ring, of course, when someone calls 
you. And it must overlook the numerous electrical 
impulses which do not concern it, such as those 


sent out by your dial. 


Ability to respond to some impulses, to ignore 
others, requires exact adjustment between the pull of 
a magnet and the tension of a spring. If they are 
out of balance your telephone might tinkle when it 
oughtn’t, or keep silent when it should ring. 


BELL TELEPHONE LABORATORIES 


In the past, adjustment: was made by hand, little 
by little until the proper setting was reached. It took 
time. But now Bell Laboratories engineers have 
developed a machine which adjusts new ringers per- 
fectly, before they leave the Western Electric Com- 
pany plants where they are made. And the operation 
takes just 30 seconds. 

This is another example of how the Laboratories 
work constantly to improve every phase of telephony 
— keeping the costs low while the quality of service 


grows higher and higher. 


WORKING CONTINUALLY TO KEEP YOUR TELEPHONE SERVICE ONE OF TODAY'S GREATEST VALUES . y: 
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When the sturdy Brosius Auto 

Floor Forging Manipulator 

. takes a billet or blank in its 
Giant teeth, it improves upon every 
action possible with chain 

hoist and porter bar or cum- 

bersome overhead equipment. 


. More swiftly and easily it 
with draws or charges . . . moves 
more quickly and independ- 

ently across the forging floor 

... manipulates at hammer or 
facile aws press with more sensitive 
J movements. Moreover, this re- 
markable modern mammoth 

brings to your forge shop 

added production, added 

safety, added economy — you 

should be using one. Write us. 


burgh 


Affiliates: Salem Engineering 
Salem Engineering Co., Lid., Milford or. Derby, England; Salem Engineering (Canada) Ltd”, Totopra; Canada, 
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OFFICERS AND DIRECTORS 
1951 


PRESIDENT 
Willis MeGerald Peirce’ 


y 


York City, Y. 


New } 
PAST PRESIDENTS 
D. H. McLaughlin’, San Francisco, Calif. 


VICE-PRESIDENTS 
A B Kinzel*, Yew York, ¥. R. W. Thomas‘* Arizom 


Phalay Kraft!, New York, W. Y. 


L. E. Young’, Pittsburyn, Pa. 


J. L. Gilisan’* Wilmington, Del. 
M L. Haider’, Toronto, Ont., Canada 
VICE-PRESIDENT and TREASURER 


Andrew Fletcher’, New York, W. Y. 


DIRECTORS 
W. J. Coulter’, Demer, Colo. H. Decker?, Houston, Texas 
E. V. Daveler’, New York, } F. B. Foley’* Sayonne, N. 
P. E. Fitzgerald’* Tulsa, Okla. E. C. Meagher’, New York, Y. 
J. L. Head’, New Yore, Y. C V. Millikan’, Tulsa, Okla. 
H. Jahnsan’, Chicago, G. F. Moulton, ?, New York, Y. 
G. P. Swift’, watertaun, Mass. H. I. Young’, St. Louis, Mo. 
C. E. Lawall’, Auntington, West Va. 
F. W. Libbey’, Portland, Ure. 
I. G. Moore’, New York, N. ¥. 
J. F. Myers’, Coppertill, Tenn. 
L. F. Reinartz’, Middleton, 0. 
A. C. Rubel?, Los Aygeles, Calsf. 


DIVISION CHAIRMEN - DIRECTORS EX OFFICIIS 


R. M. Brick (Institute of Metals), Philadelpara, Fa. 
Allisan Butts (Mineral Industry Educaticn), Bethlehem, Pa. 
Raymond E. Byler (Minerals BHeneficiaticn), San Francisco, Calif. 
A. B. (Industrial Minerals), Menille, 4. 

R. W. French, Jr. (Petroleum), Cleveland, 0. 

E. D. Gardner (Mining, Geology and Geophysics), Mashington, Cc. 

Carroll A. Gamer (Coal), Hazleton, fa. 
T. L. Joseph (Iron and Steel), Mimmeapolis, Mim. 
Richard J. Lund (Mineral Economics), Columbus, 
Oliver C. Ralstan (Extractive Metallurgy), sashington, 


SECRETARY 


Edward H. Rabie 
20 West 30th St. 
New York 18, N.Y. 


ASSISTANT SECRETARIES 


J. Kennedy, Jr. 


Joe B. Al ford 
E. O. Kirkendal! 


V. Beall 
Poy E. O’Brien 


Dywector until Feb., 1952 ‘irector until Feb., 19533 Director until Feb., 1954 
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ASSISTANT TO THE SECRETARY 
H. Newell Appleton 


PUBLICATIONS MANAGER 
Thomas Lioyd 


ASSISTANT TREASURER 
H. A. Maloney 


CONTROLLER 
I. 


Leorge Brigden 


COUNSEL 
Bannister, Statt, Holloway & Krause 
40 West Street 
New York 18, N. Y. 


STANDING COMMITTEES 


EXECUTIVE COMMITTEE OF THE ENDOWMENT 
BOARD OF DIRECTORS Cleveland E. Dodge, Chairman C. F. Kelley 


M. Peirce, Jotm D. Bradley Harvey S. Mudd 
Philip Kraft e—Chatrmar ¥. J. Coulter A. Sansheamer 
H. N. Eavenson Wilfred Sykes 


D. C. Jackling Clyde E. Weed 


ENDOWMENT FUND "XK" 


FINANCE COMMITTEE OF THE Andrew Fletcher, Crairmar 
Erle V. 


Dave ler, 


BOARD OF DIRECTORS Philip Kraft, "53 
A. B. Kanzel, Chatrmar Franz Schneider, 
C. Meagher 


. Moulton 


HONORARY MEMBERSHIPS 


Clyde Williams, 


WYESTMENTS L. E. Young W. E. Wrather 
Erle V. Daveler, °54, Chatrman Henry Krumb, *54 John M. Lovejoy, *55 
w. L. Kleatz, Leo F. Reinartz, ‘53 Reno H. Sales, °52 


Henry Krumb, °53 W. M. Peirce, ex officio 


andrew Fletcher, Treasurer 


ex officio 


A. B. Kinzel, Ghairman Finance Committee 
ex 


ADM!SS| ONS 


Thomas G. Moore, Chatrm 


Carrol! A. Garner, | 
George B. Corless Lioyd C. Gibson 
LOCAL SECTION APPROPRIATIONS F. W. Hanson R. D. Mollisan 
Hyalmar W. Johnson, CAatrman Albert J. Phillips John T. Sherman 
H. A. Herder 
Paschal Martin A. G Brinker H. W. Matzrot 
Alternates Farrand T. D. Jones 
Lym K. Lee L. L. McDonald Ivan Given Plato Malozemofi 
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STANDING COMMITTEES 


MEMBERS’ CONDUCT 
W. E. Wrather, 
L. E. Young 


hatrman 
Clyde Williams 


NCOME 
hatrman, 


Harvey S. Mudd, "53 


ROCKY MOUNTAIN 
Henry Krumb, 
Philip Kraft, "54 


SEELEY W. MUDD MEMORIAL FUND 


H. DeWitt Smth, Chairman, 


J. G. Baragwanath, °54 
C. H. Mathewson, "52 
W. VM. Peirce, ex officio 


E. H. Robie, ex officio 


GEMMELL MEMORIAL FUND 


D. Jackling, Utatrman, '53 
M. Routwell Louis S. Cates, ‘52 
W. Engelmann, ‘55 D. D. Moffat, ‘56 


HENRY L. DOHERTY MEMORIAL FUND 


John VM. Lovejoy, hat 
DeGolyer Warren A. Sinsheimer 


ROSSITER W. RAYMOND MEMORIAL AWARD 
Chatrman, 
N. G. Alford, °53 
B. J. Larpenteur, '56 
Chatrman, Technical 


J. S. Smart, Jr., 

. G. Gulley, °S4 
. Van Pelt, °52 
Francis B. Foley, 
Publications Committee, ex officio 


ROBERT H. R'CHARDS AWARD 
H. A. Pearse, Chairman, °52 

Ernest Klepetko, "52 John F. Myers, 
Fred DeVaney, ‘53 E. H. Rose, 
Elmer Isern, '53 S. J. Swainson, 

T. B. Counselman, 
R. E. Byler, Charman, Minerals Benefication 

Division, ex officio 


"34 
"34 
"55 


RAND FOUNDATION AWARD 


Eugene Holman, Chairman, *52 
S. F. Bowlby, °53 Eugene G. Grace, "52 
Clyde E. Weed, °54 BE. Wrather, 
Philip R. Bradley, Jr. "55 Paul D. Merica 
Thomas G. Chapman, "55 
W. M. Peirce, President 


ex officio 


DOUGLAS METALLURGICAL MEDAL 


John L. Christie, 
E. R. Marble, °52 Elmer Isern, 
E. A. Anderson, °53 E. H. Rose, 
W. E. Reomers, A. D. Turnbull, 
John E. Dorn, "54 H. W. Hardinge, 
D. Sullivan, "54 J. D. MacKenzie, ’ 
Clair Upthegrove, °55 S. J. Swainson, 

John C. Kinnear, Jr., "55 

S. E. Woodworth, 
W. M. Peirce, ex officio 


SAUNDERS MINING MEDAL 
"52 


Heath Steele, Chairman, 


Ear! E. Hunner, Robert P. Koenig, 
Albert Mendelsohn, ‘52 Ross D. Leisk, 
Robert H. Morris, "52 R. L. McCann, 
(deceased) Herman J. Mutz, 

Jay A. Carpenter, °53 R. F. Goodwin, * 
E. S. McGlone, ‘53 ¥. M. Leighton, 
David D. Moffat, ‘53 Arthur Notman, 

Cadwallader Pvans, Jr., °53 

A. F. Peterson, °55 
W. M. Peirce, ex officio 


LUCAS PETROLEUM MEDAL 


Howard C. Pyle, Chatrman, ‘52 

M. Gordon Gulley, "52 A. R. Denison, 

Fred M. Nelson, °53 J. E. Brantly, 

Lloyd E. Elkins, ‘54 Wallace E. Pratt, 

John H. Murrell, °54 ¥. H. Geis, 

M. L. Haider, Raymond F. Baker, 
John E. Sherborne, 


Members ex officiis 
Janes Boyd, Director, U. S. Bureau of Mines 
Frank N. Porter, President 
American Petroleum Institute 
W. M. Peirce, President, AIME 
C. L. Moody, President 


American Association of Petroleum Geol ogists 


ERSKINE RAMSAY COAL MEDAL 


Harry M. Moses, 
Ww. C. Chase, ‘5? H. P. Greenwald, 
Clayton G. Pall, ‘53 H . Yancey, 
Evan Fvans "53 Richard H. Swallow, 
C. F. Lawall, °55 
W. M. Peirce, ex officio 
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STANDING COMMITTEES 


TECHNICAL PUBLICATIONS COMMITTEE 


to Ortober 1951 
“‘Aatrman 


October 
Francis B. Foley, 
I. Laudermilk, 

C. H. Lambur, Vice-Chairman 

E. J. Kennedy, Jr., Secretary 
Robert H. Aborn Paul F. Kerr 
C. H. Behre, Jr. H. Loerpabel 
Philip B. Bucky Earl W. Palmer 
Russell H. Cornel! Louis C. Raymond 
Charles Eachrodt J. S. Smart, Jr. 
M. D. Hassialis Felix E. Wormser 

Members ex officiis 

Joe B. Alford E. O. Kirkendall 
John Beall R. E. O’Brien 


E. H. Robie 


ARY PUBLICATIONS ITTEES 


oa! svwiston 
Harold P. Greenwald, Chairman 
David H. Davis H. J. Rose 
Carroll F. Hardy (. Albert Shoemaker 


Raymond C. Jotwsen James A. Younkins, Jr. 


NOUS TRIAL MINERALS D/iV/S/0N 


Howard I. Smth 
Richard W. Smith 


Alan F. Matthews, 
Harold M. Bannerman 
0. C. Ralston 


WINERALS BENEFIC/ATION DIVISION 


M. D. 
. Bond 


hairman 
T. M. Morris 
H. Rush Spedden 


Hassialis, 


F. M. Lewis 


WINING, GEOLOGY, AND GELOMYSICS 
wining Subdivision 
Ross D. Leisk, Chairman 
Malcolm C. Brow G. T. Harley 
John Edgar Roy S. Hooper 
Rollin Farmn R. W. Hughes 
Joseph C. Kieffer 


Geology Subdivision 

Richard N. Hunt, 
M. B. Kildale 
Landwehr 


“Ag irman 

Harrison Schmitt 
Carl To)man 

Ralph Tuck 


Geophysics Subdivision 


H. Leroy Scharon, Chatrman 
Ross B. Heinrich Florence Robertson 
Daniel R. Stewart 


INSTITUTE OF METALS DIVISION 
F. N. Rhaines, 
W. M. Baldwin, Jr. 
C. S. Barrett 
P. A. Beck 
Morris Cohen 
L. S. Darken 
W. L. Pink 
A. H. Geisler T. 


Chatrman 
B. W. Gonser 
H. H. Hausner 
W. Hibbard, Jr. 
J. M. Hodge 
J. BR. Low, Jr. 
R. B. Mears 
A. Read 


(RON AND STEEL DIVISION 


fF. M. Washburn, 
Andrew G. Forrest 
Myron Jones 


‘Aa trman 
T. F. Plimpton 
M. Tenenbaum 


Earl Pierce Otto Zmeskal 


EXTRACTIVE METALLURGY DIVIS/ON 


Philip T. Stroup, Chat rman 

J. Glasser, Vice-Chairman 
Matthew A. Hunter S. J. Revatz 
R. BR. MeNeoghton John D. Sullivan 


PETROLEUM 
J. M. Bugbee, Chairman 
J. P. Hammond, Vice-Chairman 
Kupert C Craze Dan L. Marshal! 
C. F. Kedmon Walter Hose 


MINERAL ECONOMICS Div/ SION 
Kenneth E. Mili, 
G. Ball 
t. Banfield 


Chatrman 
G. W. Josephson 
S. G. Lasky 


C. 
A. 


WINERAL INDUSTRY EDUCATION OIVIS/ON 
Cc. Behre, Jr., 


Thomas L. Joseph 
W. B. Plank 


hatrman 
ti. H. Power 
4. W. Schlechten 


3 é 
S. B. Cooke 
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STANDING COMMITTEES 


COORDINATING COMMITTEE ON TECHNICAL PROGRAM 
FOR THE ANNUAL MEETING 
S. J. Swainson, Chairman 
Orville Lyons 
H. Moore, Jr. 
E. P. Pfleider 
D. S. Eppelsheimer Leroy Scharon 
Evan Just G. M. Schwartz 
Sherwin F. Kelly P. T. Stroup 


Paul Beck 
E. H. Crabtree, Jr. c. 
Walter Crafts 


AIME PENSION TRUST 
Paul D. Merica, 


. Cates 
HH. A. Maloney, Secretary 


Chairman 
John M. Lovejoy 


STUDENT RELATIONS 


M. D. Cooper, Chatrman 
Alvin S. Cohan, Secretary 

John C. Calhoun, Jr. Charles T. Holland 
Clark B. Carpenter P. D. 1. Honeyman 
bh. D. Chapman David HK. Mitchell 
T. G. Chapman Kalph F. Nielsen 
W. K. Chedsey ¥. B. Plank 
John Chipman H. H. Power 
Carl J. Christensen James Kk. hichardson 
George H. Deike J. Murray hiddell 
Gilbert E. Doan J. W. Spretnak 
C. h. Dodson ¥. A Staab 
George M. Enos J. LU. Teague 
Paul Fitzgerald Cc. A Warner 
James D. Forrester Henry C. Woods 
J. B. Haffner 


TTEE ON STUDENT 
PRIZE PAPER AWARDS 


William A. Staab, Chairman 


Niel sen J. W. Spretnak 


Ralph F. 


LIBRARY 
Executive Committee 
M. B. Gentry, Chatrman, *52 
Frank T. Sisco, "54 
E. H. Robie, Secretary AIME, 
ex officio 


GENERAL TTEE 


Composed of Local Section Representatives 


RESEARCH 


A. M. Gaudin, 


Joseph L. Gillson 


Chatrman 


Albert W. Schlechten 


COOPERATION WITH THE 
CANADIAN INSTITUTE OF MINING 
AND METALLURGY 


Alan M. Bateman, 
Max W. Ball, 


J. A. Brusset 

R. Diamond 

A. O. Dufresne 
Stanly A. Easton 
Horace J. Fraser 
F. Guernsey 
J. K. Gustafson 
M. L. Haider 
Ira K. Hearn 
Pierre R. Hines 
Oliver B. Hopkins 


SEELEY Ww. 


harman 
hasrman 

Philip Kraft 

H. E. McKinstry 

William E. Milligan 

J. A. Retty 

Milnor Roberts 

J. G. Ross 

Spry 

M. W. Summerhayes 

Seott Turner 

E. A. White 

John knox 


MUDD SERIES 


VOLUME ON HEALTH AND SAFETY IN MINING 


&D/TOR/AL ADV/SORY BOARD 


Clarence M. Haight, Chairman 


J. J. Carrigan 
George Hi. Deike 
Oscar A. Glaeser 
R. Sayers 


Daniel Harrington 
Theodore Marvin 
1. G. Murdock 


R. Dawson Hall, Editor 


SEELEY W. MUDD SERIES 
VOLUME ON MECHANICAL LOADING 
AND HAULAGE IN UNDERGROUND MINES 


EDITORIAL ADVISORY BOARD 


Cadwallader Evans, Jr., Chairman 


L. C. Campbell 
W. J. Coulter 
Lucien Eaton 
RK. T. Elstad 
Andrew Fletcher 
G. T. Harley 
C. T. Hayden 


RK. E. Kirk 

Eugene McAuliffe 
D. L. McElroy 

R. E. Salvata 
Louis Ware 

Clyde E. Weed 

L. E. Young, Aditor 


HENRY L. DOHERTY MEMORIAL 
VOLUME ON PETROLEUM CONSERVATION 


Stuart E. Buckley, Chatrman 


. E. Beecher 
2. DeGolyer 
RK. E. Hardwicke 


H. N. Marsh 
C. V. Milliken 
A. C. Rubel 


V. Vietti 
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STANDING COMMITTEES 


COMMITTEE ON NOMINATIONS 
FOR (952 AIME OFFICERS 
C'evton G. Ball, Chatrman 


(Philip K. Bradley, Jr.) 


tlerbert M. Cooley (P. P. Manion, Jr.) 
E. D. Dickerman (Cc. L. Barker) 
Lioyd E. Elkans (BR. C. Earlougher) 
P. C. Feddersen (John D. 
Herbert BR. Hanley (L. P. 
T. L. Joseph . S. Eppelsheimer) 
Aibert Mendelsohn D. I. Honeyman) 
Richard F. Miller (John T. Ryan, Jr.) 
Henry T. Mudd (James A. Kavenaugh) 
J. Murray Riddell (Rachard W. Smith) 
Harry VM. St. John (Rudolph Tietig, Jr.) 
R. Schuhmann, Jr. (H. Rush Spedden) 
John KR. Suman (Howard G. Pyle ) 
Ss. J. (Veleair C. Smith) 
(M. D. Cooper) 


Sullivan) 
Davidson) 


Swainson 
Paul R. 
Philip D. Walser 
L. 


‘Note 


Turnbull 
(James Doug! as) 
Woo! f) 


Zeigier (Wallace G. 


The names in parentheses are 


those of the aiternates) 


GENERAL MEMBERSHIP 


. B. Counselman, 


modsed of Chairmen of Loc 


Members: 


Ralph G. Spindler 
Extractive Metallurgy R. D. Bradford 
Industrial Minerals John D. Sul.ivan 
of Metals J. 
Hugo E. 


Coal 


Institute Harris 


Iron and Stee! Johnson 
Mineral Econamics 

Mineral Industry Education 
Minerals Bene ficiation Ss. &. 


and Geophysics 


Power 


Harry H. 
Erickson 


Mining, Geology, 


Subdivessor Vaning Leland ¥. Walker 


Geology . G Armstrong 
Geophysics. .J ames B. Mack] wane 
Jack H. Beesley 


Petroleum 


LOCAL SECTION 


Alaska 
Arizona 

Black Hills 
Hos ton 
Carlsbad Potash 
Central Appalachian 
Chicago 
Cleveland 
Colorado 
Columbia 
Connecticut 
Delta 

Detroit 

Fast Texas 

El Paso Metals 
Florida 

Cul f Coast 
Kansas 

Lehigh Valley 
Mexico 

Va d-Continent 
Minnesota 


North Paca fic 

North Texas 

Ohio Valley 
Oklahoma City 
Oregon 
Pennsy!vania-Anthracite 
Perman Basin 
Philedeiphia 
Pittsburgh 

St. Louis 

San Francisco 
Southeast 

Southem California 
Southwest Texas 
Southwestern Alaska 
Southwestern New Mexico 
Tri-State 

Upper Peninsula 
Utah 

Washington, C 
Woming 


H. Kruml auf 

RK. J. Hall 
A. VM. Gaudin 
P. Wilson 


M. Squarcy 
Harry Schwartzbart 
Asher Patton 


Maur J. Weldon 


C. A. Capps 
H. Anderson 


0. P. Lance 

N. Morris Faulds 
W. BR. Hopkins 

D. S. Lyons 

>. MacDonald 
L. Taylor 
J. Waylett 


Domingo Moreno 
C. H. Randt 


W. H. Newton 


L. H. Banning 
J. T. Griffiths 


Chester L. Wheless 
W. J. Akert 

F. J. Guaddeback 
Fred W. Denton 
J. F. Dugan 


W. T. Nightingale 


COUNCIL OF SECTION DELEGATES 


Vs 


St randbere, 


rman 
e- Aairman 


secretary 


John E. Kastrop 
Linwood Thiessen 
Yember on Nomnating 


1982 Officers 


Alt. M. D. 


Roy H. Smth 

. H. Wasser 
ommittee for 

Paul R. Turnbull 

Cooper 


vi z 
> 
me Montana 
Nevada 
‘ New York ; 
J. C. Lokken 
M. C. McCall 
ect snd Division on / : 
Mover, 


OFFICIAL AIME REPRESENTATIVES 
195] 


UNITED ENGINEERING TRUSTEES, IWC. 
James L. Head, ‘51 E. C. Meagher, °52 
Gail F. Moulton, 
TO REAL ESTATE COMMITTEE 

Herbert Hoover 


ADVISORY COMMITTEE 


Cleveland Dodge 
Paul D. Merica 


THE ENGINEERING FOUNDATION 
"54 M. 
Meagher, ex officio as Pres., U. E. T. 


Peirce, 


E. KR. Kaiser, 
E. 


RESEARCH PROCEDURE COmmMiTTEE 


E. R. 


Kaiser 


ENGINEERING SOCIETIES LIBRARY BOARD 


Aatirman 


James L. Head, "51, 
Frank T. Sisco, ‘4 M. B. 


> 


Gentry, 


AMERICAN STANDARDS ASSOCIATION 


MINING STANOARD/ ZATION CORRELATING 
Otto Herres, 
Tillson, 
. Bullard, 


SECTIONAL COMMITTEE 85 A Danse 


SECTIONAL COumlT FOR RE NG RULES 
N METAL 


Graham Bright 


NSTALLING ELE MINE 


A 


Stevenson 


W DEFP WELL ERTICAL 


J. A Barr 


SECT IQNAL  TTEE 


PUMPS 


WATIOWAL RESEARCH COUNCIL, DIVISION OF 
ENGINEERING AND INDUSTRIAL RESEARCH 


Oliver C. Ralston 


JOHN FRITZ MEDAL BOARD OF AWARD 


Erle V. Daveler, "51 L. E. Young, °53 
E. Wrather, D. H. McLaughlin, ‘54 


HOOVER MEDAL BOARD OF AWARD 

Scott Turner, '56, Chat rman 

Cadwallader Evans, Jr., ‘52 
Paul D. Merica, '54 


ALFRED NOBLE PRIZE COMMITTEE 
J. R. Van Pelt, Jr., "51 


JOSEPH A. HOLMES SAFETY ASSOCIATION 
S. H. Ash 


WASHINGTON AWARD COMM! SS!ON 
Howard A. Herder, ‘51 T. S. Washburn, ‘52 


ENGINEERS JOINT COUNCIL OF FOUNDER SOCIETIES 
Clyde Williams L. E. Young 
James L. Head, Alternate 

President AJME, ex officio 
Secretary AIML, ex officio 


W. M. Peirce, 
E. H. Robie, 


EJC COMMITTEES 


ITY OF THE ENGINEERING PROFESSION 
James L. Head 


NCREASED 


ENGINEERS 
M. S. Jameson 


NAT / ONAL 
julian Conover 


OCOPERATING INMEDICAL RESEARCH 
E. Wise 


ENGINEERS 


INTERNATIONAL RELAT/ ONS 
Duce 
FE. H. Robie 


W. Wright 


LABOR LEGISLATION 

F. B. Foley 
TUTIQN AND BY-LAWS 
J. L. Head 


TI 


NATIONAL WATER POLICY 
F. L. Clark 
SPECIAL SUPVEYS 
M. D. Gooper 
ENGINEERS IN CIiViL SERVICE 
W. H. Wagner 
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OFFICIAL AIME REPRESENTATIVES 


1951 


OEP AP TUENT OF DEFENSE 
Mou | ton John Church 
ENGINEERING MANPOWER SS 
George Corless Max Lightner 
H. J. O’Carroll 
H. Robie, Secretary AIME ex officio 
ENGINEERING SCIENCES 
A. Geudin R. M. Brack 


ENGINEERS COUNCIL 
FOR PROFESSIONAL DEVELOPMENT 
J. BR. Gadworth, °53 Cc. FE. Lawall, 
Gurtas L. Wilson, ‘52 


COMMITTEES 
ECPOD TRAINING 
D. MecKeathan, 
EQUCATION 
Curtis L. Wilson, Oct 
RECOGN/T1QN 
Robert L. Hallett, Oct 
DANCE 
H. C. Woods 


JOINT COMMITTEE ON 
ENGINEERING SOCIETIES MONOGRAPHS 


Reed W. Hyde, Oct. 
Francis B. Foley, ex officio as Chairman 
Technical Publications Commttee, Oct. ‘51 


ENGINEERING INDEX, INC. 
Frank T. Sisco, 


COUNCIL OF THE 
AMERICAN ASSOCIATION FOR THE ADVANCEMENT 
OF SCIENCE 


W. M. Peirce, °52 C. Baldwin Sawyer, °52 
AMERICAN DOCUMENTATION INSTITUTE 


Francis B. Foley, Jan., "53 


AMERICAN GEOLOGICAL INSTITUTE 


A. Rodger Denison, Nov. *51 
3. te Gallson, Nov. °52 


Vill 
51 
"52 


PROFESSIONAL BRANCHES AND DIVISIONS 
OFFICERS AND COMMITTEES 


R. M. Foose, Chairman (Industrial 
J. V. Beall, astern Secretary 

R. E. O'Brien, Western Secretary 
Carroll F. Hardy (Coa!) 

R. E. Byler (Minerals Bene fication) 


Grover J. Holt (Minerals Bene ficiation) 


C C. Long, Chairman 
Ermest Kirkendall, Secretary 
H. K. Work (/rom and Stee 


M. Gensamer (Institute of Metals) 


Evan Just 


Richard W. French, Chairman 
John E. Sherborne, Past Chatrman 
Paul R. Turnbull, Vice-Chairman 
Lincoln F. Elkins, Vice-Chatrman 
R. E. Heithecker, Treasurer 
Dean H. Sheldon 


Harry H. Power (#ineral 


R. J. Land 


INSTITUTE OF METALS DIVISION 
Ferrous and Wonferrous Physical Metal lurgy 


Established as a Division April 26, 
R. M. Brick, Chatrman 
M. Gensamer, Past Chairman 
A. Dean, Senior 
J. H. Seaff, Vice-Chairman 
H. A. Maloney, Treasurer 
Ernest Kirkendall, Secretary 


29 West 39th St., New York 18, N. Y. 


Minerals) 


Vice-Chairman 


1951 
BRANCH COUNCILS 


MINING BRANCH 


Carroll A. Garner (Coal) 

A. B. Cummins (Industrial Minerals) 

E. D. Gardner (Mining, Geology, and Geophysics) 
Philip J. Shenon (Mining, Geology, and Geophysics) 
A. Callen (Mineral Industry Education) 
R. J. Lund (Mineral Economies) 


METALS BRANCH 


R. M. Brick (Institute of Metals) 

Oliver Ralston (Extractive Metallurgy) 

T. L. Joseph (/ron and Steel) 

D. S. Eppelsheimer (Mineral Industry Aducat ton) 


Mineral Economics) 


PETROLEUM BRANCH 
EXECUTIVE TTEE 


Harold Decker 
R. C. Earlougher 
John R. McMillan 
John S. Bell 
Thomas C. Frick 


Industry Education Deviston) 


Mineral Economics Deviston) 


EXECUTIVE COMMITTEE 
J. Austin W. Hibbard, Jr. 
W.M Baldwin, Jr. °53 B. R. Queneau 
P. A. Beck °53 C. H. Samans 
M. Cohen '52 J. S. Smart, Jr. 
A. Squire '53 


WOMINATING COMMITTEE (i yr.) 
Chatrman 

F. N. Rhines 
E. Schumacher 


M. Gensamer, 
A. A. Smth 


C. E. Swartz E. 
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PROFESSIONAL BRANCHES AND DIVISIONS 


FINANCE COMMITTEE (1 yr.) 


R. F. Maller, 


Hanewalt 


hatryman 
D. K. BR. Van Horn 


Irving Kramer 


AWMUAL LECTURE COMMITTEE (1 yr.) 
E. E. Schumacher, 

- nx, Jr. C. H. Mathewson 
. Marzke A. J. Phillips 


‘Aa 


MATHEWSON MEDAL COMMITTEE 
Cc. E. 
M. Bever & 
¥. A. Johnson &. 


Nelson, Chairman 


Jr. 


Pellina 


‘mart, 


DATA SHEET COMMITTEE (i yr.) 
E. N. Skinner, Chairman 
Bil ank A. U. 
Brick D 


Rhines J. 3. 


Seybolt 
Smith 
Smart, Jr. 


A. I. 
R. M. 
FF. N. 


PUBLICATIONS COMMITTEE 


(Appointed Oct. 15, 
F. N. Rhines, Chairman 

. Baldwin, Jr 

. Barrett H. H. 

P. A. Beck Hibbard, Jr. 
Morris Cohen J. M. Hodge 
. Darken J. R. Low, Jr. 
Fink R. B. Mears 

A. Read 


1950 for one year.) 
Gonser 


Hausner 


Geisler 


MEMBERSHIP COMMITTEE 


(Terms expire February of year 


W. J. Harris, 

John Nielsen, Vice 

"54 

. B. Brooks 
EF. Purke ‘53 
A. Caldwell 


. Hultgren 
. Jerabek 

. Kiefer 

52 . Maddin 
“4 . BR. Morral 
. Quadt 
Shepard 


Averbach 


Carapella ' 

J. Christensen 

I. Finch 
Fullman ‘54 


Gonser "53 


Stanley 
Talbot 
Thelin * 
. Urban 


. J. Herzig '53 


. Hone ‘53 


PROGRAMS COMM! TTEE 
(Terms expire February of year indicated. 


P. A. Beck, 

M. Cohen, Vice 
J. H. Seaff, Vice 
5. Eppelsheamer, V: 
G. Cover, Vice<h 
KR. D. Chapman, Vice-Chairman 
J. Fraser "52 Vern Pulsifer 
- Halliwell °53 A. U. Seybolt °5 
. Hawkes °54 A. J. "5 
Kahlas Ray Ward ‘5 
. Linsmayer ‘54 Walker 

Otto Zneskal 


POWDER METALLURGY COMMITTEE 
J. J. 


F. V. Lenel, Past 

J. C. Redmond, Vice Chatrman °52 
F. Kugmck, & Secretary 
R. S. Busk "54 G. A Roberts 
Pol Duwez °54 K. H. Roll 
H. H. "54 J. F. Sachse 
0. C. Johnson '53 Amos Shaler 
R. P. Koehring R. 
K. M. McElwain E. F. 


Cordiano, Chatrman '53 
hatrman 


Hausner 


ww 


Meinitz 


wary 


PETROLEUM DIVISION 


Established as a Division March 24, 1922 


Richard W. French, Chatrman 
Paul RB. Vice 
Lincoln F. Elkins, Vice 

R. E. Heathecker, Jre 
Joe B. Alford, ére 


408 Trinity Universal Bidg., Dallas, Texas 


Turnbull, hatrman 


utive Secretar 


EXECUTIVE COMMITTEE 
For Executive Committee see Branch Counci! 
Page LX 


EDITORIAL BOARD 
Sherborne 

Thomas C. Frick 
Richard W. French 


John E. 
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PROFESSIONAL BRANCHES AND DIVISIONS 


Committee Chairmen 
Paul Andrews, Student Activities 

Kenp E. Barley, i961 Fa Meeting 

W. T. Cardwell,Jr. Petroleum Technol ogyForum 

1051 Fall Meeting 


ECONOMICS COMMITTEE 


Wayne Glenn, /rogram, 
EDUCATION COMMITTEE M. D. Hughes, 
M. E. Loy, Luncheon Meeting 


John C. Calhoun, Jr. Harry H. Power K. B. McNamara, Dinner Dance 


teld Trap 


E. RK. Smith, Member 
C. P. Watson, Genera 


PRODUCTION REVIEW COMMITTEE 
E. W. 


Berlin, Chairman 


A. H. Chapman, Vice-Chat Foreign Junior Group 
K. B. Gilmore, Vice-—Chatrman, Domest ix H. E. Nissen, Chatrman 
L. W. Chasteen Raymond M. Larsen D. B. O'Neill, Jr., Secretary 
G. E. Eddy John A. Murphy 
: Gordon H. Fisher Milton Williams 
John K. Wright, Jr. San Joaquin Valley Sub-Section 


D. G. Kingman, Chairmur 


TECHNOLOGY COMMITTEE 
Earl M. Kipp, Chatrmar Wyoming Petroleum Chapter 


Everett G. Trostel, Vice Chairman for Gas RK. M. Churchwell, Chairman 
Henry L. Waskowsk:, Sidney B. Richards, First Vice -—hatrman 
Vice-Chairman for Production 
Jack H. Abemathy, 
Vice-Chairman for Drilling 


Raymond VM. Larsen, Second Vice-Chairman 


George L. Goodin, Secre 


MEMBERSHIP 
Jack H. Beesley, 


“Ag trman 


PUBLICATIONS |1RON AND STEEL DIVISION 


J. M. Bugbee, Chairman Established as a Division February 22, 1928 
John P. Hammond, Vice-Chairman 
Rupert C. Craze C. F. Redmon 
Dan L. Marshall Walter Rose T. L. Joseph, Chatrman 


H. kK. Work, fast 
J. B. Vice 


NOMINATING C. Katto, Vice 

John E. Sherborne, Chairman E. K. miller, Vice 
R. M. Churchwell Paul E. Fitzgerald 
Harold . Decker Fred E. Simmons, Jr. 


EXECUTIVE COMMITTEE 


J. A. Bowers R. ¥. Campbell 
PACIFIC PETROLEUM CHAPTER Carvel} 
Basil Kantzer, Chairman D. L. McBride B. McMeans 
Ray A. Hancock, Secreta lreasurer W. O. Phalbrook D. T. Rogers 
H. Dykstra, rre e Secretary F. L. Toy 
RK. Grog, responding Secretar 


Ex officiis 


L. W. Chasteen H. E. Schaller 
C. R. Dodson F. L. Wadsworth A. 1. Sommer F. K. Maller 
HK. L. Parsons, Sr. T. J. McLoughlin 
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PROFESSIONAL BRANCHES AND DIVISIONS 


Programs Committee 


Walter Crafts, Chatrman 

B. Queneau, Pice-Charrman 
J. Austin W. O. Philbrook 
v. W. Lightner 0. Rice 
D. BR. Loughrey A. H. Sommer 
Gordon | lan M. Tenenbaum 


Technical Publications 


F. M. Washburn, rman 
A. G. Forrest M. Tenenbaum 
Myron Jones T. F. Plimpton 
Pierce Otto Zmeskal 


Howe Memorial Lecture 


Robert W. Hunt Medal and Prize 


J. Johnson, Jr. Award 


Paul PB. Nichols, Chat rman 
H. F. Dobscha Kurt Neustaetter 
R. J. Frost * Leonard J. Tofft 


Membership 
Hugo FE. Johnson, Chai rman 

H. H. Blosjo J. J. Golden 
K. P. Campbell V. Jones 
Gordon Eaton W. J. Reagan 
W. Farnsworth L. E. Paddle 
Freeman J. M. Stewart 
FE. J. Gardner M. Tenenbaum ©. 

A. Thornton J. 


Nominating 


H. K. Work, Aairman 
D. King L. F. Reanartz 
F. B. Foley F. C. Smth j 
Terms faorre in Feb 1952 J 


4953, (3) 1954; (4) i955 
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Electric Furnace Stee! Committee 


T. 
J. 


Rlos) 
. Briggs 
. fall 

. Goetz 


Executive Committee 


J. McLoughlin, Uratrnan 
A. Bowers, Past rman 
Ernest Kirkendall, Secretary 


H. F. Walther 


onfererce 


omm 


Charles Locke 


M. 


Frank, Chat rman 
Farnsworth, ¥ice-—Uhatrman 
Ernest Kirkendal!, Secretary 


Same! Arnold, III 
J. 


H. Raldrey 


J. Alfred Berger 
Gerhard Derge 


T. Joseph, rman J. Exsaman 
F Foley H. W. Graham R. H. Jacoby 
L. F. Reanertz * E. C. Smith * 


John Juppen | at z 


Finance 


R. K. Kulp, chat rman 


M. Charman, Jr. 


¥. 
T. L. Joseph, Aatrman * Vv. J. Nolan 
Same! Fpstein Cc. D. King * 
H. W. Johnson * 


W. Crozier 
. G. 


Loce/ 


Come 


A E. Bickell, rman 
T. Walton, Jr. 
Robert Watson 


Seanor 


Ss. 


Cc Russell, 
Kurt Neustaetter, 


Commi ttee 


E. K. Maller, ratrman 


Meinen 
E. Sims 
F. Staley 


F. O. Lemmon 
J. S. Marsh 
G. Mackelson 
Cc. B. Post 
Galbert Soler 
G. T. Stowe 
Clyde Wyman 


H. E. Orr 
R. FE. Melly 


tree on Arrangements 


Naismith, Vice-—Chat rman 


PROGRAM T TEE 


Raer 


. Cavett 


. Holman 


>. Murray 


H. P. Sexer, Chairman 


S. Carey,  Aairman 


. Greenwood 


Bratt Dey 


NANCE TTEE 


Vice-—Chat rman 
cretary 


Blast Furnace, Coke Oven and Raw Materials 


. Liggett 


. Marshall 


. Morgan 
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PROFESSIONAL BRANCHES AND DIVISIONS 


Open Hearth Stee! Committee 
A. H. Sommer, Chairman '52 
H. M. Griffith, Past Chairman 
J. J. Golden, Vice<hatrman '54 
Ernest Kirkendall, Secretary-Treasurer 
L. R. Berner Vv. W. Jones 
G. M. Burrier A. C. Keller 
C E. Carr '55 D. RR. Mathews °53 
T. A. Cleary °52 A. W. Thornton °52 
A. F. Franz °53 F. L. Toy °52 
H. G. Grim "55 H. J. Walker ‘55 
F. Henzelman ‘53 Clyde Williams 


Physical Chemistry of Steelmaking 


M. Tenenbaum, Chatrman 
C. R. Taylor, Secretary 


D. E. Babcock A. G. Forrest 
R. E. Birch D. J. Girardi 
F. H. Boulger N. J. Grant 
RK. C. Buehl D. talty 
L. S. Darken G. Hogberg 
Gerhard Derge Shadburn Marshall 
L. G. Ekholm D. L. McBride 


H. B. Emerick John Pollack 


T. B. Winkler 


Bessemer Stee! 
A. B. Wilder, Chatrnan 


S. J. Cresswell D. RB. Loughrey 
S. J. Dougherty W. G. McDonough 
H. C. Dunkle B Penrod 
K. L. Fetters E. B. Story 
H. W. Graham F. L. Toy 
FE. Holstein G. M. Yocum 


COAL DIVISION 
Established as a Division September 20, 1929 


Carroll A. Garner, Chairman, Vice-President 
Jeddo-Highland Coal Co., Jeddo, Pa. 
A. Lee Barrett, Chatrman-Elect 
David R. Mitchell, Secretary-Treasurer 
Professor of Mining, Pennsylvania State 
College, State College, Pa. 


EXECUTIVE COMMITTEE * 
Until Feoruary 1953 
Henry Dierks 
Claude P. Heiner 
Richard H. Swallow 


Until February 1952 
George E. Keller 
Ralph EB. Kirk 

W. Julian Parton 


Until February 1954 
S. M. Cassidy 
Nelson L. Davis 
J. T. Ryan, Jr. 

* The Executive Committee consists of the 

Officers, Chairmen of Committees, and nine 


elected members. 


Mining 
J. W. Woomer, Chairman 


Anthracite Mining Methods Sub-Committee 


E. G. Fox, Chatrman 
Andrew Allan, Jr. 
David Crawford 
John M. Humphrey, Jr. 
Edward T. Powell 


Earl W. Lamb 
Harry W. Montz 
Walter Petzold 


Bituminous Mining Methods Sub-Committee 


D. L. McElroy, Chairman 
Same! M. Cassidy James C. Gray 
J. F. Gore James Dunn Really 
D. H. Dowlin David Kachik 
Erwin Ganmeter L. Wearley 
ALR. Werft 


Anthracite Open Pit Mining Methods 
Sub-Committee 
George J. Clark, Chairman 
Qharles T. Butler A. F. Hutcheson 
William B. Geise F. Edgar Kudlich 
Willis C. Schlaseman 


Bituminous Open Pit Mining Methods 
Sub-Committee 
T. C. Cheasley, Chairman 
William L. Rurt A. R. Matthews 
Walter B. Roe 


Safety and Ventilation Sub-Committee 
C. M. Donahue, Chairman 
George T. Gillison 
Stephen Krickovic 
Raymond Mancha 


Frank J, Peternell 
Carl A. Peterson 
Cloyd M. Smith 


Maintenance Sub-Committee 


Joseph F. Mazza, Chairman 
Ralph C. Beerbower 
A W. Bitner 
W. M. Calder 


R. Glenn Lazzell 
C. D. Rubert 
J. BE. M. Wilson 
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PROFESSIONAL BRANCHES AND DIVISIONS 


Preparation 


Julian Parton, Chairman 


Orying Methods Sub-Committee 
James Merle, 

H. Wn. Ahrenholz George W. Jones 

Chas. C. Boley V. F. Parry 

F. P. Calhoun Russel! Wilmot 


Laning Dress RK. E. Zimmerman 


Fine Coal Cleaning Methods Sub-Committee 
“nai rman 
B. W. Gandrud 
John Griffen 
George H. Chapman H. R. Hagen 
H. B. Charmbury James Hannigan 
¥. L. Dennen S. A. 
Gambs Wm. T. Turrall 


George H. Kennedy, 
William M. Berthol f 
James Blair 


Stone 


Gerard C. 


Dense Medium Processes Sub-Committee 
Jacques M. Vonfeld, Chairman 
Nelson L. Davis J. D. Martin 
A. W. Gaber Wn. McMorris 
T. W. Guy H. R. Randall 
. E. Joslin B. Walker 


Utilization 
J. F. Barkley, 


Aatirman 


Combustion Subd-Commi ttee 
Rugene D. Benton, Chatrman 
Carroll F. Hardy J. H. Kerrack 
Wilbur C. Heit Charles H. Sawyer 
Howard A. Herder Spicer 
Raymond C. Johnson Robert L. Sutherland 


Theodore 5S. 


Carbonization Sub-Committee 


Frank H. Reed, 


Robert ¥. Campbell 
Joseph D. Davis Charles C. Russell 


“Aa irman 


Gasification Sub-Committee 

John Matchell 
Lawrence D. Schmidt 


Cc. C. Wright, 
Thomas C. Cheasley 
George D. Creelman 


Gardner 


Hydrogenation Sub-Committee 


J. D. Doherty Chairman 
. Murphree A. R. Powell 
Joseph Pursglove, Jr. 


Hon-Fue! Uses Sub-Committee 
H. H. Loery, Chr 


B. Charmbury 
. Johnson 


airman 


E. R. Kaiser 
C. A. Reed 


Air Pollution Sub-Committee 
H. F. Hebley, Chatrman 
. Doherty L. C. McCabe 
>. Finn H. P. Munger 
W. A. Schmidt 


Program 
Orville Lyons, Chatrman 
Ralph B. Textor, trman 


John F. Barkley W. Julian Parton 


J. W. Woomer 


Publications 
H. P. Greenwald, Chairman 
D. H. Davis 
Raymond C. 
G. A. Shoemker 


Carroll F. Hardy 


Johnson H. J. Rose 
James A. Younkins, Jr 


Membership 


Ralph G. Spindler, Chatrman 
Arthur Bradbury Harry G. Kennedy 
M. D. Cooper H. E. Mauck 
Nelson L. Davis D. R. Schooler 
J. H. Fulford James W. Stewart 
John T. Griffiths W. L. Wearly 
Charles T. Holland Harold B. Wickey 
Albert M. Keenan H. F. Yancey 


Student interest and Welfare 
M. D. Cooper, Chatrman 
A. C. Callen D. L. McElroy 
L. I. Cothern E. R. Price 
S. J. Craighead G. R. Spindler 
Cadwallader Evans, Jr. J. W. Stewart 
Richard Maize H. L. Walker 
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PROFESSIONAL BRANCHES AND DIVISIONS 


Nominating Petroleum Engineering Courses 


Clayton G. Ball, Chatrman R. L. Whitang, Chairman 
Carroll F. Hardy D. R. Mitchell W. F. Cloud J. 1. Laudermi lh 
C. R. Dodson C. F. Weinaug 


Percy Nicholls Award 


H. P. Greenwald, Chairman ‘51 
Thomas Cheasley J. B. Morrow Cc. S. Crouse, Chatrman 
E. R. Price “55 A. W. Thorson ‘$2 . M. Short A. F. Greaves-Walker 
D. W. McGlashan 


Industrial Minerals and Ceramic Courses 


Coal Economics 
Publications 


R. M. Fleming, Chatrman 
K. L. Marshall 
J. W. Morgan 
R. G. Pfahler 
C. A. Peterson 
John P. Weir 
H. B. Wickey 


C. H. Behre, Chairman 
. L. Joseph H. H. Power 
. B. Plank A. W. Schlechten 


Graduate Study 


H. L. Walker, Chairman 
Barker A. B. Stevens 
N. H. Mander field 


Joint Meeting 

Carroll F. Hardy (ASME), Chairman » 
Elmer R. Kaiser ‘52 (AIME) - B. Bucky 

George Keller (AIME) 

A. W. Thorson '53 (ASME) 

Mining Courses 
J. W. Stewart, Chatrman 
. T. Bator . D. Cooper 
S. Boshkov B. Clark 
MINERAL INDUSTRY EDUCATION DIVISION 


Established as a Division January 15, 1932 
Metallurgy Courses 
Allison Butts, Chairman E. A. Peretti, Chairman 
H. H. Power, Vice<hatrman . E. Kyle A. J. Thompson 
J. D. Forrester, Secretary J. P. Nielsen G. BR. Van Duzee 


Executive Committee Geology Courses 
Until 1952 Untii 1953 J. W. Vanderwilt, Chairman 
RK. T. Gallagher J. D. Forrester H. BR. Gault RK. W. Brown 
Joseph J. P. Spielman Justin Zann Edward Sampson 
. Parker J. W. Stewart 


Until 1954 

RK. M. Brick 

G. B. Clark O. C. Shepard, Chairman 

E. H. Wisser S. R. B. Gooke H. G. Poole 
C. L. Wilson, Past Chatrman E. Martinez R. E. Zimmerman 


Mineral Dressing Courses 


Programs and Meetings Geophysics Courses 


D. S. Eppelsheimer, Chairman H. W. Straley, III, Chairman 
Cc. F. Barb Carl Tolman . M. Van Tuy! G. P. Woollard 
J. B. Mace lwane M. D. Cooper . M. Tripp E. F. Stratton 
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PROFESSIONAL BRANCHES AND DIVISIONS 


Latin-American Education Relations 
Edward Steidle, Chairman 
. Fox L. C. Sehroller 
Thomas C. W. Wright 


Mineral Economics Education 


RK. D. hairman 
l. Levorsen A. Kk. Snelgrove 
T. Yuster P. 


Parks, 


Tyler 


Employment Conditions for 
Mineral Engineers 

Cc. J. Chri 
. Donaldson 


stensen, Chatrman 
W. E. Malligan 


. Gruenfelder H. V. White 


Registration of Engineers 
W. 
Barker 


(hedsey, 


Membership 


H. H. Power, rman 


POR 


Nominations 
Cc. L. Wilson, Chatrmar 
. Callen A. F. Greaves-Walker 


. Cudworth E. A. Holbrook 


College Enrollment Statistics 


B. Plank, 


INDUSTRIAL MINERALS DIVISION 
(NONMETALLICS) 


Established as a Division March 15, 1935 


4. B. 
Hanne rman , 


(ammins, hairman 


Southeastern Vice-Chairman 


Harold M. 
Thanas L. Kesler, 


Eastern Vic 


Eugene Callaghan, Hocty 
4. Hertell, 
. F. Jenkans, 


Yountain Vice-Chairman 


Western Vice-Chairman 
ian Vice-Chatrman 
Runner, 


Secretary-Treasurer 


fureau of Mines, Washington an, D. C. 


Paul H. 
John A. Wood 
Hugh Sweyn Spence 


Executive Committee 
Until February 1952 
Richard M. Foose 
G. W. Josephson 
John D. Sullivan 


Until February (953 
lan Campbe 11 


Joseph Lincoln Gillson 
Stanton Walker, 
Until February 1954 
James A. Barr, Sr. 
Robert H. Dott 
G. Pachards Gann 


COMMITTEE CHAIRMEN 
Papers and Programs 


Charles H. Moore, Jr. 
F. Sommer Schmidt, #es 


, Chairman 


tern Vice-Chatrmar 


John Francis Havard 
James 5S. Machin Willis Perry Mould 
Thomas L. Kesler Will Mitchell, Jr. 
John A. Brown G. W. 
John G. Broughton 
Percy E. 


Robert B. Sosman 


Josephson 
Joseph Lincoln Gillson 
Landolt 


Auxilliary Publications 

Allan F. Matthews, 
Harold M. Bannerman 
R. Wellington Smith 


hairman 
Howard I. 
James A. 


Smith 
Barr 


Membership 
John D. Sullivan, Chairman 
Sheldon L. Glover, Western Vice 
Richard M. Foose 
G. W. 
Tan Campbe || 
Joseph Lincoln Gillson 


Chairman 
Stanton Walker 
James A. Barr, Sr. 
Robert H. Dott 
G. Richards Gwinn 


Josephson 


Nominating 
Richard M. Foose, Chatrman 
Howard A. Meyerhoff 
Joseph Lincoln Gillson 
Oliver C. Ralston 
Richard Wellington Smth 


195) Fall Meetings 
A. B. Cummins, 
lan Campbell, 


Chatrman 

Western Vice-Chatrman 
John C. Ladlum 
Ralph S. Mason 

Lauren A. Wright 


Price 


J. 
: E. M 
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PROFESSIONAL BRANCHES AND DIVISIONS 


Milling Methods Dimension Stone and Slate 


Will Mitchell, Jr., Chatrman Willis Perry Mould, Chairman 
Walter E. Duncan, Vice-Chatrman Richard Henry Jahns, Western Vice-Chairman 
William T. Bishop Allen T. Cole Ralph Andrew Fletcher! Pierre de Vitry 
Kenneth C. Vincent Chester D. Rugen Oliver Bowles W. F. Mullen 
Roger L. Fisk C. B. Harris G. M. Schwartz Ernest F. Bean 


G. W. Josephson Howard A. Meyerhoff 


Minera! Aggregates 
Fillers, Fibers, and Pigments 


John A. Brown, Chairman 


Robert G. Lassiter, fastern Vice—Chatrman Thomas L. Kesler, Chatrmin 
Charles A. Stokes, Eastern Vice—Chatrman 
Oliver Bowles John W. M. Scott 
Mineral Economics Michael J. Messe! Robert H. Dott 
John E. Boyd Lincoln T. Work 


G. W. Josephson, Chairman 
L. A. Norman, Jr., western ViceChatrman 


Rare Minerals 


Percy E. Landolt, Cha1trman 

Stephen M. Shelton, Western Vice-Chairman 
Hoss J. Beatty, Jr. Roland Dane Parks 
Fremont F. Clarke Leo S. Wise 


Mining Geology 


John G. Broughton, Chatrman 
F. W. Labbey, Western’ Vice-Chairman 


Mining Methods 1951 Divisional Meetings 
Joseph Lincoln Gillson, Chatrman A. B. Cummins, Chairman 
W. A. Allen Nelson Severinghaus Ian Campbell, Western Vice-Chairman 
Thomas L. Carey John Francis Havard Paul H. Price John A. Wood 
G. G. Schuknecht Ben K. Miller Hugh Sweyn Spence John C. Ludlum 
Carl J. Traverman Milton D. Moore, Jr. Ralph S. Mason Lauren A. Wright 
Kernard Mander field 


Nominating 


Cement, Lime and Gypsum Richard M. Foose, Chairman 
John Francis Havard, Chairman Howard Meyerhoff Joseph Lincoln Gillson 
Orville E. Jeck, Western ViceChatrman Oliver C. Ralston Richard Wellington Smth 
Irving Warner Carl F. Clausen 


Bror Norcberg Claiborne C. Van Zandt 


Ceramic Materials 


Robert LB. Sosman, Chatrman 


William O. Brandt, Western Vice-Chairman MINERALS BENEFICIATION DIVISION 
Miro Mihelich Blandford C. Burgess Established as a Division February 16, 1948 
R. B. Carothers T. A. Klinefelter 
a: Harley C. Lee Joseph A. Pask Raymond E. Byler, Caatrman 


E. H. Crabtree, Jr., Associate Chatrman 
Donald W. Scott, Kegronal Vice-Chairman 
Stanley D. Michaelson, Regional Vice-Chairman 


Chemical Raw Materials Grover J. Holt, Last Past-Chairmn 
James 5S. Machin, Chatrman Will Mitchell, Jr., Secretary—Treasurer 
George D. Dub, Western Vice-Chairman Basic Industries Research Lab., 
James R. Cudworth Lawrence D. Schmdt Allis-Chalmers Manufacturing Co., 


Glenn S. Wilder Julian Boyd Box 512, Milwaukee |, Wis. 
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PROFESSIONAL BRANCHES AND DIVISIONS 


COMMITTEES 


Nominating 


T. B. Counselman, Chairman 
Holt E. H. Rose 
John F. Myers 


Swain Joseph Swainson 


Grover J. 


M. 


Jardine 


Education 
tl. Hush Spedden, Chairman 
Frank R. Malliken 
Albert W. Schlechten 
Turrall 


S. BR. B. Cooke 
Fred LD. DeVaney 
F. M. William T. 


Woody 


Le wis 
V 


Membership 
ephen E. Erickson, 
B. Cooke 
Stuart A. Falconer, 
Nicholas H 

D. N 
Robert A. 
Charles Henry 


Mander field, 
Vendensky, 
Melvin A. 
Thomas VM. Morris 


ake Cook 
Lartis 


L. Weaver 


Papers and Publications 
Las, at 

Stanley D. Michaelson 

Thoms M. Morris 

H. Rush Spedden 


Program 

E. H. 
William B. 
He an F. M. 
John C. 


Crabtree, Jr., airman 
Stephenson, Vice Chairman 
James J. Hama lt on 


James H. Jacobs Lokken 


RJ. Russell J. L. Weaver 


Symposium 


Norman Weiss, 
H. Rush Spedden, Vice at 
Nathan V. Levine 


Mellen 


Nathaniel! Arbiter 
Paris V. Brough 


Lawrence 


Ronney J. 
Herman Lange 
Concentration 
John C. Lokken, 


Mellen 


Stuart A. Zinmeriey, 
James A. Barr, Jr. 
Godfrey B. Walker 


Romney J. 


Crushing and Grinding 
Robert J. Russell, Chairman 
M. D. Hassaialis, Vice Chatrman 
Hubert Reymond Banks Frank V. McKinley 
Fred C. Bond Kenneth Alfred Schellinger 
James I. Craig Clarence G. Willard 
Howard M. Zoern 
Materials Handling 
William B. Stephenson, Chairman 
J. Walter Snavely, Vice-Chairman 


P. G. Kihistedt William S. Springer 
Frederick C. Green 


Operating Control 


rman 


Hean, 
Lawyer, Vice 
Gerald M. Heslin 


Jame s Se 

James E. 
Bunting 5S. Crocker 

Philip MeGuire 


Pyrolysis and Agglomeration 
M. Hamiton, 
Joseph C. Mead, Vice -Chatrmar 
Fred D. DeVaney Arthur F. Peterson, Jr. 
Robert E. 


Aa trman 


Powers 


Solid-Fluid Separation 
J. L. Weaver, 
Elliott J. Roberts, Vice—Chatrnar 
Ben) amin H. Cody Earl C. Herkenhoff 
Charles L. Sollenberger 


“aa 


Solution and Precipitation 


James H. Jacobs, Chatrmar 
Sanford 5S. Cole, Vice aim 
Ernest Klepetko Waldemar P. Hueomler 


Albert Schiechten 


EXTRACTIVE METALLURGY DIVISION 


Established as a Division November | 948 


0. C. Ralston, Chatrman 
. C. Long, 
T. D. Jones, 
C. W. Eachrodt, ‘52 R. BR. MeNaught on, 
P. T. Stroup, ‘54 
Ernest Kirkendall, Secretary 
AIME, Room 905 
29 West 39th Street 
New York 18, N. Y. 
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hatrman 
S. KR. B. : 
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F. W. MeQu 
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PROFESSIONAL BRANCHES AND DIVISIONS 


Executive Committee 

1953 
R. B. Caples 
A. C Loonam 


1952 
B. W. Gonser 
A. W. Schlechten 
1954 
R. D. Bradford 
L. P. Davidson 


Aluminum and Magnesium 

R. S. Sherwin, Chat rman 

H. W. St. Clair 
P. T. Stroup 


Cc 
L. F. Mandol fo 
T. E. Webb 


Copper and Nickel 


J. G. Leckie, 
R. Hurns L. W. Kemp 
. G. Fowler J. G Kinnear, Jr. 
. H. Goodrich BR. Lovell 
. Harms R. D. Parker 


Economics and Statistics 


Felix Wormser, Chairman 
Gent J. D. MacKenzie 
. H. Hayes P. D. Merica 
J. L. Head D. A. Rhoades 
. M. Liddell C. N. Schuet te 


Electrolytic Processes 


Stanislaus Skowronski, Chat rman 

P. R. Drummond, Vice—chat rman 
. Bakken Cc. L. Mantell 
. S. Bardwell W. L. Miles, Jr. 
. Gariton A. J. Phillips 
j. Hanewalt A. D. Turnbull 
. BR. Hanley R. H. Waddington 

W. G, Wool f 


Hydrome tal lurgy 


H. A. Tobelmann, 


J \. Herz 
Henedict H. ¢ 
Byler Charles Kettering 


R 
T Chapman H. FE. Keves 
T 


henny 


Clenmer W. MeQuiston 
Counse | man D. Sullivan 
De vidson . L. Ter-Braake 


Jean Verdussen 


Frank Forward 


Lead and Zinc 


R. A Young, Chairman 
Wallace G. Woolf, Secretary 
R. D. Bradford Allen C. Jephson 
Fm J. Bruderlin Hugo L. Johnson 
E. H. Bunce T. D. Jones 
Fussell B. Caples R. G. Knickerbocker 
Lyndall P. Davidson Yuria E. Lebedeff 
T. Henson Gyles A. FE. Lee, Jr. 
Raymond L. Hallows Carleton C. Long 
Herbert R. Hanley R. R. McNaughton 
J. Paul Harrison Milton M. Neale 
Carle R. Hayward Stanley Robson 
Harry Hey Blair L. Sackett 
W. T. Isbell Francis P. Sinn 


E. McL. Tittmann 


Membership 
R. D. Bradford, Ohairnan 
Hugo L. Johnson, Secretary 
. Barnard 
. Rance 
Feddersen 
. Long 


Kinnear, Jr. 


J. D. Sullivan 
F. P. Sann 
R. A Young 
S. BR. Zinmerley 


Nominating 


. D. Bradford 
. B. Caples 

P. Devidson 


Sullivan, Chat rman 
B. W. Gonser 
A. C. Loonan 
A. W. Schlechten 


Papers and Program 


P. T. Strosp, Chat rman 

S. Skowronska 
. H. Kellogg F. MeL. Tittmann 
. G. Leckie H. A. Tobelman 
. S. Sherwin Felix Wormser 


. Gonser 


Physical Chemistry of Extractive Metallurgy 
H. H. Kellogg, 
Nathaniel Arbiter, 
K. K. Kelley 
L. M. Pidgeon 


Chat rman 
Vi ce-chat rman 
R. Schuhmann 
F. Stephens, Jr. 
P. T. Stroup 


FOX. 
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PROFESSIONAL BRANCHES AND DIVISIONS 


Pyrometallurgy 


E. MeL. Tittmann, 
Caples 


hairman 

R. Marble 
Feddersen L. L. McDaniel 
Goodrict R. BR. McNaughton 
I. Honeyman B. L. Sackett 


. Knickerbocker S. M. Shelton 


Technical Publications 
}. Glasser, bice 
Hunter S. J. Ravatz 
McNau cht or D. Sullivan 


(Aat man 


cAairman 


Stroup, 


Titanium and Uncommon Metals 


WwW airman 
T. W. Lippert, 
Barth . J. Udy 
Lattor R. K. Waring 
N. W. Spence . S. Wartman 


Conser, 


MINERAL ECONOMICS DIVISION 


Established as a Division, December 15, 1948 


Richard J. Lund, tat rman 
Charles H. Rehre, Jr., Past Unatrman 
Granville S. Borden, ce-LAatrnan 

Julian W. Feiss, Vice 
Robert P. Koenig, Vice 
John H. Melvin, Secretary 
Ohio Geological Survey 
Dept. of Natural Resources 
Orton Hall, Ohio State University 
Columbus, Ohio 


hat rman 
Chat rman 


Treasurer 


EXECUTIVE COMMITTEE 


Until Feb. 1952 Until Feb. 1953 
Alan Rateman R. J. Bradley 
Vv. VM. Leighton W. Mein, Jr. 
Arthur Notman Simon D. Strauss 

Until Feb. 1954 

Fvan Just 
Fussell H. Kennett 
Josephson 


Committee Chairmen 


. A. Meyerhoff - Foresgn Minerals 
John D. Sullivan 
Marketing, Use, and Substitution 
Richard J. Anderson - Membership 
Eugene Callaghan - Mineral Conservation 
Alan M. Bateman - National Security 
Charles H. Behre, Jr., - Nominating 
Evan Just - Papers and Programs 
Charles W. Merrill - Statistics 
Otto Herres - Tariffs and Subsidies 
M. D. Harbaugh - Taxation and Finance 
John Ames - Transportation 
Kenneth E. Hill - Auxiltary Publications 


MINERAL ECONOMICS 


G. W. Josephson, Chairman 
L. A. Norman, Jr., Western Vice-Chairman 
¥. D. Holland Poole Maynard 
Willard E. Bauman Oscar VM. Wicken 
Raymond B. Ladoo Paul M. Tyler 


MINING, GEOLOGY, and GEOPHYSICS 
D4VISION 
Established as a Division September 27, 1949 
E. D. Gardner, Chairman 
R. E. O’Brien, Secretary 
808 Newhouse Building 
Salt Lake Caty, Utah 


EXECUTIVE COMMITTEE 


E. D. Gardner, 
Vinton 4. Clarke 
J. K. Gustafson 
Sherwin F. Kelly 


Philip J. 


Donald M. Davidson 
Herbert Hoover, Jr 
Chas. A. R. Lambly 
She non 


MINING SUBDIVISION 


E. D. Gardner, 
Vinton H. Clarke, Secretar 


“‘Aatrman 


Howe Sound Company 
730 Fifth Avenue 
New York 19, N. Y. 


COMMITTEES 


Executive 
E. D. Gardner, 
Vinton H. Clarke 
Chas. A. RK. Lambly 


hairman 
Walter C. Lawson 


J. Murray Riddell 
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PROFESSIONAL BRANCHES AND DIVISIONS 


Alluvial Mining 


Charles M. Romanowitz, Chairman 
Clinton Bernard Vance R. Fenton 
Norman Cleavel and Raymond Franklin 
Franklin Farley Benere H. Grant 

Ernest Newton Patty 


Open Cut Mining 
J. Murray Riddell, 
Rachard M. Belliveau 
B. R. Coil 
John P. Court right 
Edward J. Fearing 
Edwin A. Friedman 
Dan S. 


Lioyd J. Severson 
Young 


Block-Caving 
Robert W. Hughes, Chairman 
John F. Buchanan 
M. Dean LaGrange, Jr. 
F. S. MecNicholas H. 
Randall H. Wightman 


Gerald Sherman 
Robert W. Thomas 
Carroll Weed 


Long-Hole Drilling and Sub-Level Caving 

John J. Garzon, Chatrmun 
Joseph P. Caulfield 
Wm. P. Crawford 
Robert S. Douglas 
John F. Dugan 


Olof V. Lindqvist 
Albert Mendelsohn 
Philip D. Pearson 
Harold J. Richards 
Harry L. Roscoe 


Top Slicing 
Roy A. Bowen, 
C. Allen 
Robert Braund 


Chairman 
Lucien Eaton 
E. M. Norris 


Room and Pillar or Stope and Pillar 


Cut and Fill Mining 


Herman J. Mutz, 
John Edgar 
Waldemar A. Knoll 
Harry E. Krumlauf 
Wm. N. Matheson, Jr. 


Chairman 

John D. McAuliffe 

Neal A. O'Donnell 
S. E. Quayle 
Ed. G. Ross 


Hoisting 
Harlan W. Walker, Chairman 
Frederick C. Jaccard 
Herman J. Mutz 
Russel! S. Sage 


Joseph P. Caulfield 
Darrel! Gardner 
Robert E. Hobart 


Chas. A. KR. Lambly, 
KR. Burton 
Joseph R. Giegerich 
Paul Hett 


hatrman 
Lindsay M. Kinney 
Stanley W. McDougall 

Randall T. Murrill 


Mechanical Loading and Conveying 
Aairman 

Donald E. Eilertsen 
Raymond D. Satterley 

Robert William Thomas 


Lewis E. Young, 
C. Kremer Bain 
Adolph W. Beck, Jr. 
S. S. Clarke 


Drainage 
Gloyd M. Wiles, Chairman 
Alfred H. Bebee R. C. Mahon 
C. S. T. Farish H. J. Rahilly 
L. J. Severson 


Drilling and Blasting 

Edward Borcherdt, 
Vinton H. Clarbe Kar| Victor Lindell 
George L. Craig H. Carroll Weed 


Chairman 


Clarke, Chatrman 


Chas. A, BR. Lambly 
M. J. Langley 


Robert J. Linney 
B. R. Goal 


Jom J. Collins 
Frank Ebbutt 


Shrinkage and Square-Set Stoping 
J. B. Haffner, Chairman 


E. S. McGlone 
Alexander J. M. Ross 
T. Alfred Snedden 
Aloys H. Wohlrab 


B. R. Goal 
H. C. Lavangston 


Exploration Drilling 
Hobert D. Longyear, 


hatrman 

Charles H. Johnson 
Philip J. Shenon 
Frank C. Sturges 


Subsidence and Mechanics of Rock Structure 
Philip B. Bucky, Chatrman 


Stephen Royce 
Lloyd M. Scofield 


: 
Xx! 
ee 
ter C. Lawson 
. E. McManus 
L. F. Pett 
| 
He 
ay 
i 
~ 
C. Kremer Bain 
Claude 0. Dale 
je O. Dale 
ee J. Edward Berg Sab 
Sidney S. Goodwin 
Arthur C. Hewitt < 
J. BR. C. Mann 
Fe 


PROFESSIONAL BRANCHES AND DIVISIONS 


Nominating 


J. Murray Riddell, 
William J. Coulter 


Frank A. Wardlaw 


Auxiliary Publications 
Ross D. Leisk, Chairman 
Maleolm C. Brown G. T. Harley 
Jon Edgar R. S. Hooper 
Rollin Farmin Robert W. Hughes 
Joseph C. Kieffer 


Papers and Program 
Bugene P. Pfleider, Chairman 
Tell Ertl Harold A. Krueger 
Edward H. Thaete, Jr. 
Lamar Weaver 


Wm. H. Goodrich 
Har ley 
Mill Randall H. Wightman 


Membership 
Leland W. Walker, 
Philip BR. Bradley, Jr. 


John J. Curzon 


GEOLOGY SUBDIVISION 


Donald Davidson, Chairman 
Frederick V. Chace, Secretar 
L. S. Geological Survey 


Washington, 25, D. C. 


COMMITTEES 


Executive 
Donald VM. Davidson, Chairman 
Frederick VM. Chace 
Philip J. 


Gustatson 


Allen Pinger She non 


Nominating 
Thomas MV. Broderick, 


M. D. Harbaugh F. S. Turneaure 


Auxiliary Publications 
Richard Hunt, Chairman 
Malcolm B. Kildale Harrison A. Schmitt 
¥. K. Landwehr Carl Tolman 


Ralph Tuck 


Papers and Program 
George VM. Schwartz, Chairman 
Arthur J. Blair F. S. Turneaure 
Harrison A. Schmitt Edward H. Wisser 


Membership 
Lee C. Armstrong, Chairman 


Playter G. Stevenson 


Robert F. 


GEOPHYSICS SUBDIVISION 


Sherwin F. Kelly, 
Hans Lundberg, Secretary 
Hans Lundberg, Ltd. 
Victory Building 
Toronto, Canada 


‘na irman 


COMMITTEES 


Executive 
Sherwan F. Kelly, Caatrman 
Herbert Hoover, Jr. James B. MacElwane 
Hans Lundberg George P. Woollard 


Nominating 


H. W. Straley, III, Chatrman 


Albert J. Frank John J. Jakosky, Jr. 


Auxiliary Publications 
LeRoy Scharon, 

Ross B. Heinrich 
Daniel R. Stewart 


hairman 
Florence Robert son 


Papers and Program 
LeRoy Scharon, 
Kenneth L. Cook 


Homer Jensen 


‘hat rman 
Harrison A, Schmitt 
George P. Woollard 


Membership 
James B. MacElwane, ( 
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1951 
COUNCIL OF SECTION DELEGATES 


F. W. Strandberg, Chairman 
R. D. Ghapman, Vice-Chairman 
F. T. Moyer, Secretary 
EXECUTIVE COMMITTEE 
L. Thiessen 


cE. 


Wasser 


ALASKA 


ESTABL /SHED NOVEMBER (9, 4947 


Meguiar meetings fourth Monday of each month 


except June, July, and August 


Howard G. Wilcox, Chairman 
Les Nappe, Vice-Chairman 
Mihiel J. Thomson, Secretar y—Treasurer 
Box 1170, Fairbanks, Alaska 


H. Strandberg, Sectron De legate 


ARIZONA 


ESTABLISHED JULY 10, 1/915 
Albert Mendelsohn, Chairman 
Wesley P. Goss, First Vice-Chairman 
Lyle M. Barker, Second Vice-Chairman 
John C. Loving, Secretary—Treasurer 
Cananea Consol idaded Copper Co. 
Cananea, Sonora, Mexico 


T. G. Chapman, Section Delegate 


Directors 
A. T. Barr Cc. E. Malls 
T. G. Chapman J. B. Pullen 
B. R. Coil J. A. Richards 
E. R. Dickie B. N. Rickard 


M. Lavender J. 


J. Duff 
. Gardner 
. Garms 


D. 


LOCAL SECTIONS 


. Ruggles 

. Torgersen 

Weed 

A. Wilcox 

Lawson F. Willis 

Past Chairmen 

I. Honeyman R. W. Hughes 
C. BR. Kuzell 


MORENC SUBSECT/ON 


AJO SUBSECT/QN 


Troy B. Hinton, Chairman 


W. C. Hunter, Vice Chairman 


D. R. Cratty, Secretary—Treasurer 


TECHNICAL DIVISIONS 


1. Mining Geology Division 
H. A. Schmit, Chairman 
Robert Hernon, Secretary 


Il. Underground Mining Division 
William P. Crawford, Chairman 


itl. Open Pit Mining Division 
John Lentz, Jr., Chairman 
F. R. Rickard, Secretary 


1V. Ore Dressing Division 
Charles H. Curtis, Chatrman 


Smelting Division 
E. J. Caldwell, Chairman 
J. B. Cunningham, Secretary 


COMMITTEE CHAIRMEN 


R. W. Thomas, Nominating 
Harry Krumlauf, Membership 


BLACK HILLS 


ESTABLISHED DECEMBER 18, 1936 


James O. Harder, Chairman 


John Mitchell, First Vice-Chairman 


A. 


Robert Hill, Second Vice-Chatrman 
L. Slaughter, Secretary—Treasurer 
Box 834, Lead, South Dakota 


— 
OFFICERS AND COMMITTEES OF 
aie 
H. 
W. 
J. EB. K 
R. H. Smith 
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LOCAL SECTION COMMITTEES 


EXECUTIVE COMMITTEE CHICAGO 


ESTABLISHED FEBRUARY 26, /9/4 
Above Officers and 
Molds dinner meeting first Wednesday of each 
John P. Gries Gerald Van Duzee month, October to May inclusive, 
D. E. Moulds Arthur Rice at the Chicago Bar Association 
james O. Harder, Section Delegate 
Roy A. Lindgren, Chairman 
COMMITTEE CHAIRMAN Rudolph Tietag, Secretary Treasurer 
A. J. Boynton & Company 
R. J. Hall, Membersast 
109 N. Wabash Avenue 
Chicago, Illinois 


H. A. White, Section De 


Meets first Monday 
tober fo Way PAST CHAIRMEN 
A. M. Gaudin, \*atrman J. E. Drapeau, Jr. . S. Washburn 
Roland D. Parks ce \Aairman H. A. Herder H. A. White 
R. Schuhmann, Jr., Secretary-Treasurer H. W. Johnson 
Massachusetts Institute of Technology Hjialmar W. Johnson, National 
Cambridge, Massachusetts Wilfred Sykes, Past National 
W. R. Wright Past National 
EXECUTIVE COMMITTEE 
Danie! Cushing Carle BR. Hayward 
Nicholas J. Grant 
H. E. MeKanstry - ex officio 
Roland D. Parks - ex officio ; 
George P. Swift - ex officio B. R. Queneau, Program 
Plus all officers listed above . M. Squarcey, Membership 
C. H. Samans, Personne! Service 
M. E. Nickel, Xeception 


COMMITTEE CHAIRMEN 


RK. Schumann, Jr., Section Delegate 


. H. M. St. John, Student Xelations 
COMMITTEE CHAIRMAN Dennis Carney, Publicity 

A. M. Gaudin, Memberstit 

Junior Engineer Representation 


K. F. Schauwecker 


Inter-Soctety Representatives 
CARLSBAD POTASH 
D. L. Colwell W. P. Fuemmler 
STAAL / SEI FPTEFUBER 18, 1/946 
Weoets third Thursday of each month Inter-Society Alternates 
EB. Laub G. M. White 


gu 


E. W. Douglass, UAairman Members at Large 


jeaver, + airman Paul R. Nichols F. L. Warner 


P. Clark, Secretary-Jreasurer Michael 

. P. Clayton G. Ball William E. Mahin 
om Ti, sbad, New Mexac 

Box 71, Carlsbad, 6 — Louis R. Berner Andrew Forrest 


> Wilson, Second Vice-Chairman 


W. Douglass, Section Delegate 
G. C. Weaver, Alternate Delegate Imiversity Representatives 
Harold L. Walker, ///inors 
George J. Barker, %1sconmsin 
. Haworth, Entertainment George M. Enos, Purdue 
W. P. Wilson, Membersntt Orto Zmeskal, Illinois Tech 


3 
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LOCAL SECTION COMMITTEES 


CENTRAL APPALACHIAN 
Established October 17, 1940 


John T. Pasker, Chairman 
George RK. Higinbotham, Vice-Chairman 
F. K. Prosser, Vice-Chairman 
G. KR. Spindler, Vice-Chairman 
Qharies T. Holland, Secretary-Treasurer 
Box 836, Blacksburg, Virginia 


Charles T. Holland, Section Delegate 


EXECUTIVE COMMITTEE 
R. H. Allen Lee M. Morris 
Rhesa M. Allen Wm. A. Staab 
C. E. Hough George O. Tarleton 
H. B. Wickey 


CLEVELAND 
Established April | 7, 1936 


Harold Y. Hunsicker, Chairman 
Milton Tilley, Vice-Chairman 
Vernon F. Kalan, Secretary 
Cleveland Graphite Bronze Co. 
17000 St. Clair Ave. 
Cleveland 10, Ohio 
E. T. Vitcha, Treasurer 
W. K. Bock, Section Delegate 


EXECUTIVE COMMITTEE 
J. P. Hontas ! W. M. Baldwin, Jr. 
C. H. Junge 


COMMITTEE CHAIRMEN 
Harry Schwartzbart, Membership 
G. M. Cover, Program 
E. J. Whittenberger, Publicity 


COLORADO 
Established May 23, i913 
J. W. Vanderwilt, Chairman 
G. Harris, Secretary-Treasurer 
920 First National Bank Bidg. 
Denver 2, Colorado 


M. I. Sagner, Council Delegate 
Asher Patton, Membershtt 


DIRECTORS 
H. C. Bretschneider ¥. 
Frank Coolbaugh M. I. Signer 
Ben C. Essig R. G. Sullivan 


INTER-MOUNTAIN SUBSECTION 


John KR. Mullen, Chairman 
B. B. Greenlee, Vice-Chairman 
F. J. Windolph, Secretary 

E. A. Tyler, Treasurer 


SAN JUAN SUBSECTION 


R. G. Sullivan, Chairman 


J. W. George, Secretary-Treasurer 


CLIMAX SUBSECTION 
L. H. Ganville, Chairman 
R. K. Kirkpatrick, Secretary 


COLUMBIA 
Established November 24, 


Molds meetings first Friday of each month 


except July and August 


L. A. Grant, Chatrman 

J. C. Kieffer, Secretary—Treasurer 
Spokane-Idaho Mining Co. 
Box 930, Kellogg, Idaho 


Lewis A. Grant, Section Delegate 


SPOKANE SECTION 


W. W. Staley, Vice-Chairman 


Harold Kirkemo, Assistant Secretary 


SWAKE RIVER SUBSECTION 


Edward B. Douglas, Vice~<hatrman 
Harry W. Marsh, Assistant Secretary 


CONNECTICUT 
Established September 30, | 947 


October, 


February and Apri! 


Holds meetings second Wednesday, 
Oecember, 
R. S. French, Chatrman 
F. H. Wilson, Vice-—Chatrman 
William E. Milligan, Secretary-Treasurer 
Yale University, New Haven, Connecticut 


Lewis E. Thelin, Section Delegate 


> 

ua 

a 

we, 
| 


LOCAL SECTION COMMITTEES 


DETROIT 


COMMITTEE CHAIRMEN 


sty and Attendance 
Wembershit 


Blank, Publs 


Maur J. Weldon 


Albert 


tor-at-Large 


rec 


George F. Donahue, / 


DELTA 


Established September 1946 


18, 


the month except 


ard A 


Tuesday 


seco 
juring A 
H. M. Krause, 
Raymond B. Kelly, Jr., Vice 
Charles A. Capps, 'tce-Aatrman 

J. F. Homer , 
Humble Oil & Refining Company 


1405 Canal Bldg. 


Meets 
gus? 


uly. 


Jr., Chatrman 
hatrman 


secretary 


New Orleans, Louisiana 


Vitter, 


A. L. 


0. Loehr, 


H. 


H. M. Krause, ~ 


DIRECTORS 
E. N.. Van Duzee J. H. Ramban 
Fred E. Simmons, Jr. 


Murray Hawk ins 


COMMITTEE CHAIRMEN 


John M. Dillon, Jr., Actsvities 


Member 


. Monroe, & 


MISSISSIPP) SUBSECTION 


J. K. Wright, Jr., Chatrman 
. H. Jackson, Jr., First Vice-Chairman 
J. Poythress, Jr., nd Vice-Chairman 


Eugene J. Burnet, 
Mississippi Oil and Gas Board 


347, Jackson, Mississippi 


Sec 
t Treasurer 


Secretary 


P. O. Box 


Board of Directors 
R. F. Moc 


Crowe 


H. 


Established February 18, 


meetings 


as 
ercer 
Bens, 


F. 
H. Moser, 
E. Engle, tc 
Carboloy Co., Inc. 
Detroit, Michigan 


hairman 


sec 


B. Beckwith, Treasure 
D. Ghapman, Section 


R. 


EXECUTIVE COMMITTEE 
Gorton 


Lazar 


Cc. 
N. 
Seme hyshen 


Anderson 
F. Bens 
Dofter 


M. 
D. Frey 


hairman, 


Anderson, Membe 


H. 
EAST TEXAS 
Established April 18, 1940 
Tuesday of each 
September 


second 
through 


Chat rman 


gs meetings fhe 


month except 


Ho 
July 


W. W. Leonard, 

W. BR. Mays, Vice<hatrman 
W. E. LaRoche, Secretary-Treasurer 
Tide Water Associated O:1 Company 

Drawer 152, Kilgore, Texas 


Leonard, Section Delegate 


DIRECTORS 

P. E. DesJardins 

B. F. Patterson, Jr. 

R. K. Thies 

J. A. Walker 


Bert Crowier 
PJ. Lehnhard 


EL PASO METALS 


Established March 25, 1927 
Holds meetings second Wednesday of each month 
A. F. Horle, 
C. S. Harper, Jr., Vice-Chairman 
Secretary—Treasurer 


‘hat rman 


Ingersoll, 
Texas Western Col lege 


912 W. Yandell Blvd. 
El Paso, Texas 


Guy E. 


ore Eugene M. Thomas, Section Delegate 


| 936 
egate 
Treasurer 
urmal Secretury 
, Section velegate 
a 
H. C. Loehr, Publicity 
J. A. Battle, Jr., Program 
C. A. Capps, 
L. A. ouse H 
mS. 
I 


LOCAL SECTION COMMITTEES 


DIRECTORS 


M. S. Darbyshire W. P. Hewatt 
E. W. Donahue W. S. Strain 
M. W. Hayward A. J. Thompson 


R. L. Hennebach 


COMMITTEE CHAIRMEN 


O. Pau) Lance, Membersatp 
Hardy F. Kennady, Jack H. Nelson, 
Meeting Arrangements 


Programs 
March - J. F. Graham 
April - R. C. 
May - R. G. Ponsford, Jr. 
Sept. - P. A. Alers 
Oct. M. Thomas 
Nov. J. Benson 
Dec. B. Kunkle 
Jan. Mellen 


Recept ton 


- E. 
- B. 


- R. J. 
J. E. Despins, 


FLORIDA 


Established September 27, 1949 


Holds meetings the first Monday of each month 


James B. Cathcart, Chatrman 
John W. Pam lin, Vice-Chairman 
Robert Thomas, Secretary-Treasurer 
P. 0. Box 831, Plant City, Florida 


Allen T. Cole, Section Delegate 


STEERING COMMITTEE 
James B. Chairman 
E. T. Casler Robert Thomas 
Allen T. Cole J. L. Weaver 
N. Morris Faulds O. H. Wright 
John W. Pamplin 


COMMITTEE CHAIRMEN 


N. Morris Faulds, Membership 
O. H. Wright, Program 


GULF COAST 


Established December 1935 


Holds meetings the third Tuesday ofeach month 


Alfred W. Waddill, Chas 
George KR. Gray, Vice-Chatrmgn 
George H. Fancher, Vice-Cha: 
Albert B. Stevens, 
Everett F. Stratton, Secretary-Treasurer 
1720 Niels Esperson Bldg. 
Houston 2, 


rman 


rman 


ViceCha 


Texas 


Julian E. Kastrop, Section lelegate 


DIRECTORS 
T. C. Borland H. A. Otto 
E. L. Petree 
A. Rassinier 


Julian Kast rop 
E. B. Miller, Jr. Eg. 


COMMITTEE CHAIRMEN 
Fred S. Reynolds, 
J. S. Levine, Activity 
W. B. Hopkins, 4embershit 
K. B. Ford, Program 
C. Leon Singleton, Journal Aditor 


House 


KANSAS 


Established November 17, 1948 


Meets third Wednesday of each month except 


June through August 
Yates, 
. Gallivan, 
. Hamilton, Vice 


hatrman 
Vice—Chatrman 
CaAairman 
. Holsapple, Vice-Chairman 
. Decker, Secretary-Treasurer 
Schlumberger Well Survey Corp. 
Box 1034, Wichita, Kansas 


G. L. 
J.R Berg, Director 


Yates, Section Delegate 
E.L. Anders, Director 


LEHIGH VALLEY 


Established March 27, 1924 


B. L. Larpenteur, Uharrman 
R. B. Hoy, Vice Chairman 
H. BR. Gault, Vice Chairman 
J. S. Marsh, Vice Chatrman 
A. F. Peterson, Jr., Secretary 
Bethlehem Steel Go. 
Bethlehem, Pennsylvania 


R. G. Peets, Treasurer 
R. T. Gallagher, Section Delegate 
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LOCAL SECTION COMMITTEES XXVIII 


Directors 


MANAGERS 


M. L. Fuller R. T. Gallagher E. P. Scallon W. L. Taylor 
P. W. Ramsey Cc. J. O'Connell 


MONTANA 
Established October 17, 1913 


COMMITTEE CHAIRMEN 


R. B. Hoy & W. S. Cumings, Program 
D. S. Lyons, Membersatp 
Hol the fourth Tuesd 
E. B. Mancke & C. G. Tebelman, Hospitality 
of each month 
E. A. Anderson, Student Affairs 
M. L. Fuller, Yominat:ons 


Kuno Doerr, Jr., Chairman 

C. H. Steele, Vice-Chairman 
F. W. Strandberg, Secretary-Treasurer 
MID-CONTINENT Anaconde Copper Mining Company 
421 Hennessy Bldg., Butte, Montana 


Established December 28, 1917 


Holds weekly luncheon meetings each Thursday F. W. Strandberg, Section Delegate 
in Tulse, Oklahoma. Requiar Section tee? - 
jogs held second Monday each month except EXECUTIVE COMMITTEE 
June through August R. H. Miller M. C. Messner 
James N. McGirl, Chairman COMMITTEE CHAIRMEN 
Jack H. Beesley, First Vice-Chatrman William Waylett, Membership 
Programs) J. T. Roy, Program 
q G. C. MacDonald, Second Vice-Chairman Clarence Champ, Student Aards 
Nembershsp) A. B. Martin, Nominating 
H. Jennings, Secretary-Treasurer 
Ohio Oil Company Chairman Advisors on Current and Desirable 
Thompson Bidg., Tulsa, Oklahoma Subjects for Meetings 
Roy H. Smith, Section Delegate E. S. McGlone, Mining 
M. H. Gidel, Geology 
EXECUTIVE COMMITTEE R. B Caples, Metallurgy 
Tulsa) A. E. Adam, Genera! 
C. H. Danchert sen M. B. Penn 
A. E. Smith NEVADA 


Past Chairmen, ex officiis 


Established January 21, 1916 


H. M. Cooley Roy H. Smith 
Outside Tulsa) Albin C. Johnson, Chairman 
Albert Silver, Vice-Chatrman 


Harold S. Kelly E. S. Messer 
Andrew C. Rice, Secretary- Treasurer 
UL. S. Bureau of Mines 
Hox D, University Station 
MINNESOTA Reno, Nevada 
Establishec December 20, 1920 J. C. Kinnear, Jr., Section Delegate 


Arnval 


ther meetings a3 called by officers 


T. A. Copeland John Heizer 
d Grover J. Holt, Retraan R. A. Hardy J. C. Kinnear, Jr. 
Hugh Leach, Vice-Chasrman 
W. N. Matheson, Vice-Chairman RENO BRANCH 


E. P. Pfleider, Vice—Ctairman 
D. M. Davidson, Secretary—Treasurer 
J. Longyear Company 

1701 Foshay Tower Clyde Collins, Chatrman 
Minneapolis 2, Minnesota Parker Lidell, Secretary-Treasurer 
1500 Watt St., Reno, Nevada 


Lurcheon meeting the first Thursday 


of each month 


Eugene P. Pfleider, Section Delegate 


LOCAL SECTION COMMITTEES 


WEW YORK 
Established May 


Holds monthly meetings except February, 
July, and August 


Francis Cameron, Chairman 
Philip D. Wilson, Past Chairman 
L. C. Raymond, Vice—<Chatrman 
P. Malozemoff, Vice-Chairman 
James S. Vanick, Treasurer 
R. H. W. Chadwick, Secretary 
Metal Co., Ltd. 

61 Broadway, New York 6, N. Y. 


Philip D. Wilson, Section Delegate 


COMMITTEEMEN 
Ira K. Hearn Domingo Moreno 
H. W. Hitzrot R. H. Ramsey 
Alvin Knoerr E. ti. Thaete, Jr. 


WORTH PACIFIC 
Established March 28, 


1913 


Holds meetings third Thursday ef each month 


excep? June. July and August 


W. C. Leonard, Chairman 
Drury A. Pifer, Vice-Chairman 
A. Hi. Mellish, Secretary-Treasurer 
American Smelting & Refining Company 
P.O. Box 1605, Tacoma 1, Washitgton 


M. E. Elmore, Corresponding Secretary 


C. Leonard, Section Delegate 


COUNCILLORS 


Milnor Roberts F. J. Dohrer 


L. W. Heinzinger 


COMMITTEE CHAIRMEN 


C. H. Randt, Membership 
H. G. Poole, Program 


REPRESENTATIVES TO P. S. E. COUNCIL 


F. J. Dohrer 
Milnor Roberts 


NORTH TEXAS 
Established May 1945 


Jack A. Crichton, Chatrman 
K. Marshall Fagin, Vice-Chairman 
Gus Athanas, Vice-Chairman 
Earl C. Taylor, Jr., Vice-Chairman 
Kenneth F. Anderson, Secretary—Treasurer 
Bureau of Mines, Dallas, Texas 


Jack A. Crichton, Section Delegate 


DIRECTORS 


Joab B. Harrell, Jr. Pat Reardon 


R. G. Parker W. E. Stiles 
Gordon R. Stine 


OHIO VALLEY 
Established November 19, 1920 


John H. Melvin, Chairman 
Richard J. Lund, Vice-Chairman 
William H. Smith, Secretary -Treasurer 
Ohio Division of Geology Survey 
Orton Hall, Ohio State University 
Columbus, Ohio 


W. A. Mueller, Section Delegate 


COMMITTEE CHAIRMEN 
James W. Cunningham, Program 
William H. Newton, Membershif 
Arthur Westerman, Member Representative 


AREA REPRESENTATIVES 


B. M. O’Harra, Cincinnati 
George R. Long, Dayton 
G. W. Noble, Findlay 
Max A. Tuttle, Jmditanapolis 
Cecil E. Bales, Ironton 
Harold P. Gaw, Middletown 
Theron W. Reed, Newark 
Benjamin Eggers, Portsmouth 
James D..Reilley, St. Clairsville 
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LOCAL SECTION COMMITTEES 


XXX 


OKLAHOMA CITY 


Established February 18, 1947 
“hairman 
‘Ag trman 


J. H. Field, Chaz 
. Cordell, First Vice 
. Caywood, Se 
Popovich, iry-Treasurer 
Sohio Petroleum Company 
1 Tower, Okiahoma City, Oklahoma 
Field, Section De! 

DIRECTORS 


sat 
egate 


Henry Waszkowsk. 
Edward Saye, III 


OREGON 


Established Apri! 22, 192) 


guring mmer months 


David H, Beetem, Chatrman 
Stephen M. Shelton, Vice-—Chatrman 
Albert O. Martell, Past Chairman 
James Forbes Hell, Se 
Port land Gas & Coke Company 
Public Service Bidg. 
Portland 4, Oregon 


retary 


D. H. Beetem, Section Delegate 


EXECUTIVE COMMITTEE 


Kartell 
Hee tem 
Bell S. 


. Banning, Chairman 


PENNSY LVAN|A-ANTHRAC ITE 


Estab! ished February 


Pott 


Scranton. 


aiternately at 
@1lkes-Barre ani 
meeting, April; Summer meeting, July 
meeting, tober. 
Henry A. Dierks, Chairman 
D. C. Helms, Vice-<Chat rman 
Floyd S. Sanders, Se Treasurer 
Goodman Manufacturing Company 
35 New Bennett Street 
Wilkes-Barre, Pennsylvania 


retary 


Cadwallader Evans, Jr., Section Delegate 


J. McWilliams 
Ernest Messer 
She Lton 


EXECUTIVE COMMITTEE 


Jom W. Buch 
George J. Clark 

E. L. Dene 
William W. Everett 
Edward G. Fox 


Ear! Lamb 
William C. Muehlof 
W. Julian Parton 
Walter B. Petzold 
James H. Pierce 
Carroll A. Garner Edward T. Powell 
J. M. Humphrey, Jr. John M. Reid 
Wilmot Jones George A. Roos, ex officio 


J. T. Griffiths, Membersaip Chairman 


PERMIAN BASIN 


Established November 14, 1945 
“Aa tyman 
hairman 


Treasurer 


Jack M. Moore, 
Joe Chastain, Vice 
Ray Ousterhaut, Secretary 
Dowell, Inc. 
409 W. 21 Ste. 
Odessa, Texas 


Jack M. Moore, Section De 


BOARD OF DIRECTORS 


egate 


Bryan Denson Ray Howard 


W. N. Lattle 
COMMITTEE CHAIRMEN 
ming 


Ray Howard, 
J. T. Lewis, 


Frick, we 
Program 


SOUTH PLAINS SUBSECTION 
fAairman 
President 
stdent 
Treasurer 


kK. W. Coburn, 

J. B. Rosen, First Vice 
John Gould, Second Vice 
kK. D. Snedeker, Se 
Kobe Inc., Box 849, 
Brownfield, Texas 


Pre 


retary 


PHILADELPHIA 


Re-established March 15, 1944 


Dinner and meeting held fast Thursday each 


month excep? June through September 

A. L. Jameson, Chairman 
D. Finch, First Vice-Chairman 

A. A. Bradd, Second Vice-vhatrman 

F. J. Dunkerley, Secretary-Treasurer 
University of Pennsylvania 

247 Engineering Bldg 

Philadelphia, Pennsylvania 


A. L. Jamieson, Section De legate 


: 
R. 
Skat 
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LOCAL SECTION COMMITTEES 


EXECUTIVE COMMITTEE 


C. B. Allen 
A. Bounds 


A. W. Grosvenor, &x 


A. L. Jameson 
F. B. Litton 
offtctro 
F. Foley, &x officte 


PITTSBURGH 
Established |920 


G. J. Donaldson, Chairman 

RK. F. Miller, Vice-Chairman 
E. H. Hollingsworth, Secretary 
Aluminum Research Laboratories 

Aluminum Co. of America 

New Kensington, Pennsyivania 

R. D. Snouffer, Treasurer 

Linwoed Thiessen, Section Delegate 


EXECUTIVE COMMITTEE 


. G. Alford D. T. Kogers 
. G. Botset D. W. Pettigrew, Jr. 
. J. Breitenstein J. T. Ryan, Jr 
. Derge W. G. Stevenson 
S. Feigenbaum Cc. 
. P. Greenwald 
. G. Gulley 
. B. Morrow 


Sawyer 
J. M. Stewart 
Linwood Thressen 
W. L. Wearly 
A. B Wilder 
Ex Offictis 
H. N. Eavensan L. E. Young 
S. Feigenbaum, \Aarrman 
Annual All-Day Off-the- Record 
Technical Session 


ST. LOUIS 


Established May 23, 1913 
Norman Hinchey, Chatrman 
Cartis Wilson, ViceChatrmn 
Nat L. Shepard, Past-—Chatrman 
John D. Kerr, Jr., Secretary-Treasurer 
St. Louis Chamber of Commerce 
511 Locust Stree 


St. Louis, M 


Clyde S. Smth, Section Delegate 


EXECUTIVE COMMITTEE 
Howard I. Young 
Carl G. Stifel 
John E. Lamar 


0. M. Bishop 
Ernest L. Ohle 
Clyde Smth 


Howard E. Butters, Program Chairman 


J. W. Stewart, Development 


SAN FRANCISCO 


Established June 26, 1913 


Holds meetings second Wednesday of each 


month except June through August, and Monday 


noons for luncheon at Engineers’ Club 


George H. Playter, Chatrman 
Walter L. Penick, Vice-—Chatrman 
J. G. Huseby, Secretary-Treasurer 

Room 700, 216 Pine Street 

San Francisco 4, California 


E. H. Wisser, Section Delegate 


COMMITTEE CHAIRMEN 
Walter L. Penick, Program 
J. C. Lokken, 
Edward Wisser, Student Contact 
Granville S. Borden, Tax 
Bemard York, ‘52, Student Prize 
Lawrence B. Wright, Licensing 
Granville S. Borden, 
Entertainment and Hospitality 
W. Spencer Reid, Advisory 
A. A. Hoffman, Finance 
H. A. Sawin, Nominating 
Edward W. Bullard, 
Advisory Committee of Eng. Society 
Employment Service 
Philip R. Bradley, Jr.,legsslative * 


W. W. Mein, Jr., Engineering Council 
SOUTHEAST 
Established February 1936 
W. C. McKenzie, Chatrman 
E. H. Rose, First Vice-Chairman 
Alfred Shook III, Second Vice-Chairman 
Wayne L. Dowdey, Secretary-Treasurer 
Eimco Corporation 
3140 Fayette Ave., Birmingham, Alabama 
W. C. Chase, Sectron Delegate 
DIRECTORS 
Ww. C. Chase 
P. G. Cowin 
Wm. Black 


Hugh Kendal | 
Nelson Severinghaus 
R. H. Hopkins 
COMMITTEE CHAIRMEN 
M. C. McCall, Membership 
C. H. Dewey, Program 
Monro B. Lanier, II, Entertainment 
Howard Cobb, Publicity 
of Jr. Engineers 
E. H. Stevens, Student Counselor 
C. H. Dewey, Representative 
Birmingham Engineers Councsl 
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LOCAL SECTION COMMITTEES XXXII 


SOUTHWESTERN NEW MEXICO 
Established September 30, 1947 


SOUTHERN CALIFORNIA 
Estab! ished May 23, 1913 


J. A. Kavenaugh, Chatrnan Holds meetings second Wednesday in January, 


P. A. Haythorne, Secretary Aoril, July and October 
2521 Rinconia Ave. T. Alfred Snedden, Chatrman 
Los Angeles 28, California Jerry W. Faust, First Vice-Chairman 
Cc. W. Sax, Treasurer Robert M. Hernon, Second Vice—Chatrman 
J. A. Kavenaugh, Section Delegate David W. Boise, Secretary-Treasurer 
DIRECTORS 917 West Street 


Silver City, New Mexico 


John Razley, Metals Branch 
Richard Stewart, Mining Branch 
Basil Kantzer, Petroleum Branch COMNTTEE CHAIRMEN 
lan Campbell, Past Chairman Mining Branch W. J. Akert, Membership 
Elton Clark, Program 


SOUTHWESTERN ALASKA 
Established February 195) 


TRI-STATE 
Established May 27, 1926 


SOUTHWEST TEXAS Ernest Blessing, Chairman 
Joseph P. Lyden, Vice-Chairman 
William F. Netzeband, Secretary-Treasurer 
Box 870, Joplin, Missouri 


Established September 18, 1946 


Molds meetings second Wedresday of each 
August and December 


Dan Stewart, Section Delegate 


month except July, 


Lee J. Thronson, Chairman DIRECTORS 
George Wilson, Vice-Chairman 
Harry D. Vaughan, Secretary-Treasurer 


Ernest Blessing H. A. Krueger 


Lane Wells Co., P. 0. Box 389 S. S. Clarke Joseph P. Lyden 
Corpus Christi, Texas F. J. Guddeback William F. Netzeband 
George M. Fowler Jacob C. Stroup 


Lee J. Thronson, Section le legate 


COMMITTEE CHAIRMEN 


DIRECTORS F. J. Cuddeback, Membership 
B. Booth Henry Kerr S. S. Clarke, Program 
J. M. Clark Carl Peters 
RK. C. Granberry, Jr. Frank Saye 
F. Hebert D. F. Shaw 
C. W. Kelley Chester Wheless 


UPPER PENINSULA 


COMMITTEE CHAIRMEN Established October 25, 19/8 
C. L. Wheless, 
D. F. Shaw, Program A. J. Christenson, Chairman 
Robert K. Poull, Vice-Chairman 
SAM AMNTOMIO-AUSTIN SUBSECTION Roy W. Drier, Secretary—Treasurer 


College of Mining & Technology 
TLS Pine St., Calumet, Michigan 


W. H. Space, Jr., Chatrman 

H. BH. Powers, Vice-Chatrman 

J. B. Jones, Secretary—Treasurer P. P. Ribotto, Section Delegate 
Roy ¥. Drier, Alternate 


DIRECTORS 
Oscar Goode ®. E. Richards ADVISORY COMMITTEE 


J. MeQuown Harry Rosser F. W. Denton, Jr. 
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LOCAL SECTION COMMITTEES 


Cc. 
J. 


special 


N. 


COMMITTEE CHAIRMEN 


A. J. Christenson, Execut te 


Carl Brewer, 
Roy ¥. Drier 


Vominat tng 
Finance 


Roy Drier, Program 


Fred Denton, 


A. K. Snelgrove, St 
W. A. Knoll, En 
Roy W. Drier, 


Membership 
udent Ke lations 
tertainment 
Publicsty 


F. E. Brown, Professional Standards 


UTAH 
Established April 


Carlos Bardwell, 


24, 1914 


Chairman 


W. G. Rowillard, Vice-Chairman 
Harry P. Allen, Secretary—Treasurer 
1316 Penn Street 
Salt Lake City,5, Utah 


B. E. Grant, Sectton 


De legate 


EXECUTIVE COMMITTEE 


J. Qhristensen 
M. Ehrhorn 


M. B. Kildale 
H. L. Johnson 


COMMITTEE CHAIRMEN 


J. F. Dugan, Membership 


fort BR Brewster, 


Publicity 


Robert S. Lewis, Student Affairs 


E. Kipp, Snterta 


WYOMING 


inment 


Established May 16, 1930 


Holds regular meetings quarter/y, 


Frank J. Peternell, 
H. G. Fisk, Vice+ 
Frank Kratka, Secretar 


meetings when speakers areavas/lable. 


Chat rman 
‘na trman 
y-Treasurer 


Union Pacific Railroad Company 
Hox 1072, Rock Springs, Wyoming 


Frank J. Peternell, Section Delegate 
I. N. Bayless, Alternate 


EXECUTIVE COMMI 
Rayless 
G. B. Pryde 


MEMBERSHIP COMM! 


¥. T. Nightingale, 
Vv. O. Murray 


TTEE 
I. M. Charles 


TTEE 


‘aa irman 


WASHINGTON, D. C. 
Established June 21, 1918 


Holds meetings usually third Tuesday of each 
morth except June through August 
Paul M. Tyler, Chairman 
RK. B. McCormck, Vice-President for D.C. 
Charles E. Stott, Vice-President for Maryland 
Julian W. Feiss, Vice-Chairman for Virginia 
J. W. Clark, Secretary-Treasurer 
L. S. Bureau of Mines, Dept. of the Interior 
Washington 25, D. C. 


F. T. Moyer, Section Delegate 


EXECUTIVE COMMITTEE 
A. W. Dickenson Henry C. Morris 
R. L. Wilcox 


FOREIGN SECTIONS 


MEXICO 
Established 


Holds monthly luncheon meetings first Monday 
of each month af American Club, Mexico City 


Alfredo Terrazas, Chairman 
Valentin Garfias, Vice-Chatrman 
William G. Kane, Secretary—Treasurer 
P. O. Box 711, Mexico City, D.F. 


PHILIPPINE 
Established January 20, 1939 


Nestorio N. Lim, Chairman 
Ananias Crisostomo, Secretary-Treasurer 
157-A Mayan St. 

Quezon City, P.T. 


RIO DE JANEIRO (Brazil) 
Established April 17, 1936 


Holds meetings Thursday of each month at 


Av. Rio Brance 128, Room 410 


E. de Macedo Soares S., Chairman 
A. I. de Oliveira, Vice-Chairman 
Harvey Hakala, Vice-Chairman 
Frank E. Noe, Secretary 
Silvio Froes Abreu, Secretary 
Instituto Nacional de Tecnologia 
Rio de Janeiro, Brazil 


H. C. Alves de Sousa, Treasurer 
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STUDENT CHAPTERS 


1951 
FACULTY SPONSORS 


UNIVERSITY OF ALABAMA COLORADO SCHOOL OF MINES 


University, Ala. Golden, Colo. 


MINING AND METALLURGICAL SOCIETY STUDENT CHAPTER, AlMeE 
Sigmund L. Smith 


James W. Stewart 


UNIVERSITY OF ALASKA COLUMBIA UNIVERSITY, SCHOOL OF MINES 
College, Alaska Wew York 27, WM. Y. 


WINING SOCIETY OF THE UNIVERSITY OF ALASKA THOMAS THORNTON READ SOCIETY 
Guinn Metzger Herbert H. Kellogg 


CORNELL UNIVERSITY 


Ithaca, Y. 


UNIVERSITY OF ARIZONA 


Tucson, Ariz. 


WINERS* SOCIETY CORNELL METALLURGICAL SOCIETY 
Krumlauf Jd. Gregg 


DRURY COLLEGE 
Springfield, Mo. 
PICK AND HAMMER CLUB ORUR ROCKHOUNOS 
Daniel 0. Arden Allen P. Ostrander 


BIRMINGHAM-SOUTHERN COLLEGE 


Birmingham, Ala. 


UNIVERSITY OF BRITISH COLUMBIA FENN COLLEGE 
Vancouver, British Columbia Cleveland, Ohio 

DAWSON CLUB FENN COLLEGE STUDENT CHAPTER, AIMEE 
A. Gunning 0. C. Fabel 


UNIVERSITY OF CALIFORNIA UNIVERSITY OF IDAHO 
Berkeley, Calif. Moscow, Idaho 


MINERAL TECHNOLOGY ASSOCIATION ASSOCIATED MINERS 
Bernard York Joseph Newton 


CARNEGIE INSTITUTE OF TECHNOLOGY UNIVERSITY OF ILLINOIS 
Pittsburgh, Pa. Urbana, III. 

THE METALS CLUB MINERAL INDUSTRY SOCIETY 
Gerhard Derge W. R. Chedsey 


CASE INSTITUTE OF TECHNOLOGY ILLINOIS INSTITUTE OF TECHNOLOGY 
Cleveland, Ohio Chicago, III. 
PICK AND SHOVEL CLUB STUDENT CHAPTER, AIME 
Gerald M. Cover Otto Zmeska! 


CITY COLLEGE OF NEW YORK 1OWA STATE COLLEGE 


Wew York, Y. Ames, 


NY STUDENT CHAPTER Alu (OWA STATE MINING SOCIETY 
O'Connel! Charles 0. Frush 


Danie! T. 
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STUDENT CHAPTERS 


UNIVERSITY OF KANSAS 
Lawrence, Kan. 
STUDENT CHAPTER, 


Hubert E. 


Ali 
Risser 


UNIVERSITY OF KENTUCKY 
Lexington, 


NORWOOD MINING AND METALLURG 


Ky. 


(CAL SOCIETY 
Charles Stevens Crouse 


LAFAYETTE COLLEGE 
Easton, Pa. 
JOWIN MARKLE SOCIETY 


William B. Plank 


LEHIGH UNIVERSITY 
Bethlehem, Pa. 


HOWARD ECKFELDT S 


CIETY 


MINING & GEOL 
R. T. Gallagher 


LOUISIANA STATE UNIVERSITY 
University, La. 


8B. C. Craft 


STUDENT AlMe 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
Cambridge 39, Mass. 
wir 


METALLURGICAL SOCIETY 


Rush Spedden 


UNIVERSITY OF MICHIGAN 
Ann Arbor, Mich. 
IGAN STUDENT 


Clarence A. Siebert 


MICHIGAN COLLEGE OF MINING & TECHNOLOGY 
Houghton, Mich. 
STUDENT CHAF 


Charles M. Harry 
UNIVERSITY OF MINNESOTA 
Minneapolis, Minn. 
HOOL OF MINES SOCIETY, AlMe 
Eugene P. Pfleider 


MISSOUR! SCHOOL OF MINES & METALLURGY 
Rolla, Mo. 
TUDENT CHAPTER, 

DO. R. Schooler - D. F. 


MONTANA SCHOOL OF MINES 
Butte, Mont. 
ANDERSON-CARLISLE TECHNICAL SOCIETY 
George J. Grunenfelder 
UNIVERSITY OF NEVADA--MACKAY SCHOOL OF MINES 
Reno, Nev. 
CRUCIBLE CLUB 
P. Gianella 


UNIVERSITY OF NEW HAMPSHIRE 
Durham, H. 
STUDENT CHAPTER, A/ME 
Glenn W. Stewart 
UNIVERSITY OF NEW MEXICO 
Albuquerque, Mex. 
GEOLOGY CLUB 
Vincent Kelley 


NEW MEXICO INSTITUTE OF MINING & TECHNOLOGY 
Socorro, W. Mex. 
COONEY MINING CLUB 
Gerald U. Greene 


NEW YORK UNIVERSITY 
University Heights, New York 53, WN. Y. 

NYU STUDENT CHAPTER, 
John P. Nielsen 


NORTH CAROLINA STATE COLLEGE OF AGRICULTURE 
AND ENGINEER ING 
Raleigh, W. C. 


ROCKHOUND CLUB 


Glen Ernest McKinley 


UNIVERSITY OF NORTH DAKOTA 
Grand Forks, Ww. D. 
THE MINING CLUB 
Jd. J. Daly 


OHIO STATE UNIVERSITY 
Columbus, Ohio 
STUDENT BRANCH 


William A. Mueller 


UNIVERSITY OF OKLAHOMA 
Norman, Okla. 


PETROLEUM ENGINEERS 
W. F. Cloud 
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STUDENT CHAPTERS 


OKLAHOMA INSTITUTE OF TECHNOLOGY 
Oklahoma A & M College 
PETROLEUM CLUB 
John P. Everett 


OREGON STATE COLLEGE 
Corvallis, Ore. 
TUOENT CHAPTER, 

William Caldwell? 


UNIVERSITY OF PENNSYLVANIA 


Philadelphia, Pa. 
METALLURGICAL ENGINEERING SOCIETY 
R. M. Brick 


PENNSYLVANIA STATE COLLEGE 
State College, Pa. 

WINING ENGINEERING SOCIETY 
Arnold W. Asman 


PENNSYLVANIA STATE COLLEGE 
State College, Pa. 
PETROLEUM ENGINEERING SOCIETY 
0. F. Spencer 


UNIVERSITY OF PITTSBURGH 
Pittsburgh 13, Pa. 
STUDENT CHAPTER, 
—. A. Wines 


POLYTECHNIC INSTITUTE OF BROOKLYN 
Brooklyn 2, Y. 
STUDENT CHAPTER, 
Otto Henry 


PRINCETON UNIVERSITY 


Princeton, 
STUDENT CHAPTER, AIME 
w. T. Thom, Jr. 


COLLEGE OF PUGET SOUND 
Tacoma, Wash. 
SEOLOGICAL SOCIETY 


F. A. McMillin 


PURDUE UNIVERSITY 


Lafayette, Ind. 
STUDENT SOCIETY, AlME 
George M. Enos 


ST. LOUIS UNIVERSITY INSTITUTE OF TECHNOLOGY 


r 


RUTGERS UNIVERSITY 
New Brunswick, J. 
RUTGERS GEOLOGY CLUB 
Helgi Johnson 


St. Louis 8, Mo. 
LOUIS UNIV. STUDENT CHAPTER, A/ME 
Albert J. Frank 


SOUTH DAKOTA SCHOOL OF MINES AND TECHNOLOGY 


Rapid City, S. Dd. 
ORILL AND CRUCIBLE CLUB 
John Paul Gries 


UNIVERSITY OF SOUTHERN CALIFORNIA 
Los Angeles, Calif. 
USC STUDENT CHAPTER, 
Carro! M. Beeson 


STANFCRD UNIVERSITY 
Stanford, Calif. 
GEOLOGICAL & MINING SOCIETY 
0. Cutler Shepard--Charles Park 


A & M COLLEGE OF TEXAS 
College Station, Texas 
PETROLEUM ENGINEER ING CLUB 
Joe A. Laird 


TEXAS WESTERN COLLEGE 


El Paso, Texas 
WINING CLUB 
John F. Graham 


TEXAS TECHNOLOGICAL COLLEGE 


Lubbock, Texas 
STUDENT CHAPTER 
W. L. Ducker 
UNIVERSITY OF TEXAS 
Austin, Texas 
TUDENT 
J. M. Lebeaux 


UNIVERSITY OF TORONTO 
Toronto, Ont., Canada 
WINING & METALLURGICAL CLUB 
Richard E. Barret 
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XXXVI STUDENT CHAPTERS 


UNIVERSITY OF UTAH 
Salt Lake City, Utah 


MINING SOCIETY OF UNIV. OF UTAH 
Robert S. Lewis 


VIRGINIA POLYTECHNIC INSTITUTE 
Blacksburg, Va. 


BURKHART MINING SOCIETY 
Charles T. Holland 


WASHINGTON UNIVERSITY 
St. Louis, Mo. 


WALTER McCOURT MEMORIAL CHAPTER, A/ME 
Norman S. Hinchey 


WASHINGTON STATE COLLEGE 


Pullman, Wash. 
ASSOCIATED MUCKERS 
Joseph W. Mills 


UNIVERSITY OF WASHINGTON 
Seattle 5, Wash. 


MINES SOCIETY, 
. Gordon Poole 


WEST VIRGINIA UNIVERSITY SCHOOL OF MINES 
Morgantown, W. Va. 
STUDENT CHAPTER, AIME 
R. W. Laird 


UNIVERSITY OF WICHITA 


Wichita, Kan. 
GEOLOGY CLUB 
J. Robert Berg 


UNIVERSITY OF WISCONSIN 
Madison 6, Wis. 
MINING AND METALLURGY CLUB 
William J. Rundle 


YALE UNIVERSITY 


New Haven ii, Conn. 


VALE METALLURGICAL SOCIETY 
W. R. Hibbard, Jr. 
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OFFICERS OF THE WOMAN’S AUXILIARY 


1951 


PRESIDENT 
Mrs. Oliver Bowles 
5000 Massachusetts Avenue N. ¥. 
Washington 16, D. C. 


FIRST VICE-PRESIDENT RECORDING SECRETARY 
Mrs. David E. Park Mrs. Thomas T. Read 
115 East 67th Street 9 Windmill! Lane 
New York 22, N. Y. Scarsdale, N. Y. 


SECOND VICE-PRESIDENT ASST. RECORDING SECRETARY 
Mrs. Domingo Moreno Mrs. Robert Y. Woodul 
242 Old Short Hills Road 320 East 72nd Street 
Short Hills, New Jersey New York, N. Y. 


THIRD VICE-PRESIDENT ‘ORRESPONDING SECRETARY 
Mrs. Theodore Nagel 
76 Hemsen Street 
Brooklyn 2, N. Y. 


Mrs. W. H. Coburn 
9 Old Orchard Road 
Chestnut Hill, Mass. 


FOURTH VICE-PRESIDENT TREASURER 
Mrs. Howard I. Young Mrs. George D. Barron 
Country Life Acres, R.R. 1 Box 217 
Clayton, Missouri Rye, N. Y. 


FIFTH VICE-PRESIDENT ASSISTANT TREASURER 
Mrs. J. D. Gordon Mrs. Robert Hursh 
1204 ¥. Bonbright River Road, Silvermine 
Carlsbad, New Mexico Norwalk, Conn. 
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